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(57) ABSTRACT

A paintball assembly capable of channeling air line or pipe
inside of the paintball assembly using a transfer rod 1s dis-
closed. The assembly includes a main valve, an air pipe, a
bolt, a hammer, and a U-shaped rod. While the main valve 1s
coniigured to propel a paintball utilizing pressurized gas, the
air pipe supplies and channels the pressurized gas to the main
valve. The bolt guides or pushes the paintball into a firing
chamber, and the hammer manages or controls the main valve
tor propelling the paintball upon pulling of the trigger. The
U-shaped rod i1s used to synchronize the movement of the bolt
and the hammer. In one embodiment, the U-shaped rod 1is
configured i such a way that at least a portion of the
U-shaped rod i1s structured around the air pipe to reduce
contact with the air pipe.

19 Claims, 24 Drawing Sheets

908 -.




- T T T T T T T T T T T T T T T T T T T B ‘li
ll.

Vi 9Old

US 8,578,921 B2

. -
s
.....__,....
<t
g
b~ L]
O 4
y— S
~ eI - e T T T e T T
P ‘ ,_,,,.
P !
e __
7

_

|

|

|

|

|

|

_ )

| __ _

v/ - 801

. ¥ - iy
Ill.l'l.l.lpl.l.l.l.l.l'l.l.l'lll.IFI.I.l'l.l.l.l‘l.l'l..l..l.-l..l.I--I-.I-.l--I-.I-.I--I‘.I-.l--I-.I-.I--I-.I-.I..I..I..l.-l..l-.l--ll.l-.llnll.l-.l--I-.I-.l--I-.I-.I--I-.I-.l--I-.I.lFI.I.l'l.l.l'l.l.l'l.l.l'l.l.l'l.l.l'l.l.l‘l.l.l'l.lP

aa s e PP S
.,...n!

&
.-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-..-.I-.I.”-_

- L I O I I . | L
.J"_-..-.. L ] .-..-_..-_.-...-_.I_..-..-_.l..-..tl_.-..-_I.-..-J_.-..-..r.-..rlll..-_ -

.,
3 T o

n, ‘e e e e e e e e T
f.._....._.._....._.._....._.._....._.._....._.._-.._-....""- .Jr
.'

..IIIIIIIIIIIIIIIIIIIIIII....!.._.\-_.__.-_..____..umﬂ-.._-:. .-i____....x_.__- L ,IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIUH..I]rIIIIIIIM.M

. — - - = - - - (R -
L LI - .l.l.l-lr.ll - e e R .l-.-:lll.rlnl
e ' L] - . ". - . - o S
] . - 3
-

:Il_-ll_-ll_ -ll_-|l=il_ L

" Lt
3 1 W, -
. 1 ! . al wi sl ol o sl iy Wy i o s o i s s sl o sl i sl s sl s sl sl - o e ol .
__ 1 ] ..‘.“..l e “ﬁ.l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l.. [} ._..
4 “r .,- .-..l“.-_...-...I_...-_...-...I_...-_...-...I_...-_...-...I_...-_...-...I_...-_.. - ae s b NN N NN N TN R R P _ﬁ. ___-_“ 4
1 I 1 ! " -..__ i A et e e e T e e T T e T e T e T e e e T T T e T e T e T T e T e T e e .-..__l..__.-..._w.’ wa" __." .u‘.._.
i ! "t .#.... an’ L Il Y
., S l.t ”-ﬂ __....-.-. % -.._n_. .II.: -___..l.-_ .lll. I..i.ll ”Ilﬁ .I..-n-..l_”.-l__l.ll..._l-..__
0 “. ! “-_ ¥ “ lu.lm k.-..m-\i .-.-_I._ - — "‘T - .l__.._.—.._._.._._.l—.l_.l_.l—.l_.l_.l—.l_.l_.“.l.l....l.....‘.F..l.....l.._..l...-._._.l_.._._.._._.._._.._._.._._.I_.._._.._._._l.........-.. .l.lq_....._.l.l “1-'...'-
X " i = ¥ - ' . ‘u’ K o 0N
al A e Al : e T e I
AR x 5 | ﬂ A ffind det
xoale . ¥ i b -._.. . > b A & ) .
g ¥ 4” o= "1 o [y i nt . = e
R . . . - ., M o
H. —-......ll. - “ .“..I..I..I..I..I..I..Il.r. . _-.II..I..I..Inl-l._.l.__l_-l_.__I-I.__l_-I.__l_-l.._.I-I.__l_-I.-.I-l_.__.-_-l..__.-_-l_.__l.-l_.__.-_-l.__l_ml..__l.-l_.__I-I.__l_-.-_.__l_-.-..__.-_-l.__l_-I.-.I-l_.__I-I.__l_-I.__I-i.__I-I.__.r-I.__I-l_.__I-I.__l_-.-_.__l_-l_.__.-_-l.__l_-.-_.__.-...._l- l-. -.._. ll._l.__l..._l.._l__-. fli..._ . .F_... ...l.-_l.-. ." 1”
2 .-.L ...FM,.IH -u .l. E.T-..I . .I.I_ - ' -.1 i P.l.l...l.. A - B l...' .ﬂ - !I
.rtn- o+ o S ‘F-”l-. .. *- *. *.*l..'-.i.‘ -..-.I.. 1'“‘1-.*- *. *. *-* _ i —.-.—...—...—...—.‘—..—.-.—.‘—..—...—...—...—...—.‘—..—.-..h' ,.Iﬁ'—...—...—...—.‘—..—.-.—.‘—..—...—...—...—...—.‘—. —...—..—..—.-.—...—...—...—.‘—..—.-.—.‘—..—...—...—...—...—.‘—..—.-.—. —...—...—..—..—.-.—...—..—...—.‘—...—...—. T.T.T.—...—...—.‘—..—.-.—.‘—..—...—...—...—...—.‘—..—.-.—...—...—...—.‘—..—...—.‘—..—.-.—...—...—...—.‘—..—.-.—...—...—...—.‘—.‘4..—.‘—..—.-.—...—...—...—.‘—..—.-.—...—..T.T.T.T.T‘T.T.T‘T.T.T.WH
1 ..n-..-..-..q..-......-..-..-...__..................._...-..-..q..-......-.-.....-..-..-.q.-.....-.-.................._..T..-..-..-..-..-......-..-......-..-..-..-..-......-..-..-..-..-......-..-......-..-..-..-..-......-..-......-..-......-..-......-..-..-..-..-......-..-......-..-......-..-......-..-......-..-......-..-......-..-..-..-..-......-..-......-..-......-..-......-..-......-..-.....-.-.....-.-.....-.-.....-.-....-.-....-.-....-.-....-._.n o e g e o e o s e N R N N .
. L] L J L3 [ ] '
* e e e e et e
L

. - ol —_—— .
.'...l...l_..l_r . h.l.-l.__.-.._.-..__.-._..-.__.-..__l.__l...l..-_ .-___. A ..i-.- . ot .__.-.._.-..__.-..__.—.._.-..__l.__.-_.-.l.-.l- ..J.l.. ST S R .h..lf s ." 1“ - T ———
Vo P Y , ey ._._.ﬁ_. : . -
M ._..._...__......__.._..._..._...__......__......__.._...._......__.._..._..._...__......__.._...__.._...._......__.ilililiiilililililiiil.-..“l]_ - ..l.l.”-..__.._...._..._..__. ?&i&ilililii .-..-_ T T T T T T T T T T T T T T T e T T Ty T T T T T T T T T T T T T T T T T T T T T T T -1 .-_..-... .r.-..l. \ - : . l."-ﬁ.i..__.._...._..._..__......__.._...._......__. . o J..‘. .._......__........._...._......__........._...uu..__......l. __...._..ﬂ“......__.._...._......__......__.._...._......__......__.._...._.....lililililililililililili il
. iy -, . - ¥ o o o T - - : : -~ =g .
. .a_J._.w ./-l : m_-._ ._n._"._-._-. Rt .;.__ "l v u g .__!l.n.-_ . ; : nnn_i "._. * A ._._-:.1 T A
» 4 nly ] #l >y L . - o - . .- . d . - . - [ . - - -
. e hw Wiy T LA 'y n. . [y N ~ - F . . L &
» ”~ . ..i.l . -.-.__u. _I_. . . - [ . . [ f ] [ ] l- . r
- L L] i ' Ed W & i & . [ ] Lo - " L L
» ; -ll.-l 1f“-.. a .iJ”- .1..._.-_1- k. -.-.-.- . . . . . l. -.l- o . l\\ "
l!.l-.l_..l1I1I__.I-.I-.I_..I-.I-.I_..I1I1I__.I-.I-.I_..I-.I-.I__.I-.I -..l.-_.I. o -\‘ﬁ-. R, _..Ivlvl__.l."'-. A lfl..i“ Y ..l..r”l....l.._.ll ll‘."...l....l!l-.I__.I-.I1I__.I-.I-.I__.I-.I-.ITI-.I__.-..I__.I-.I-.I__.I-.I? -.I-.I'.I__.I-.I-.I__.J.
. K - .
R AR R R R R R R R NN o + o xx ._-“i . A W R N R R R R R R E R R R koM kR kxR
: LW u-_.rl : -
-l_l“- L) ._.- n
T T, .-_..-1.-. ...................................................................................................................................................ti}ti}ti}ti}ti}ti}tiir.ﬂ_} ._._......_____.........................i_”-_
e . T I.I.-_l ...}. “..-.l.l. i ule alie nle ol ol [ e wlie alie ale ol ol ol ol o Rl ol i 1... 'I.I:ll:ll:! .l”
£ s .....................w.w_-_ r I.I.I.I.I.I.I.I..-_..-...-_.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I.I..-_..-..I.I.I.I.I.I.I.I.I.I.I.I.I..-_..-..I.I.I.I.I.I.I..-_..-..I.I.I.I.I.I.I.I.I.I.I.I.I..-_..-..I.I.I.I.I.I.I.I.I.I.I.I.I.I..l.“..-_.I.I.I.I.I.I.I.I.I.I.I.I.I I“l-.- - . » . ....................t......n“..... Il l.\.-. _-..- . P LA
- A Py 2t # Jhie e e e e e e e e e e e e e e e e el g R e A N R TR, * o AR A ST AL rﬂ.r ’ pucty T
' L...-..l.'.'.-.l!.-.li.l.. ﬂii!tl!litl_.__._. . ' . - .-ﬂ-. - ] e
Lo St 1, by b - ’ (el i " T L p o N s e, . ]
T g T S S " -Iﬂrﬂiﬂtﬂrﬂ ....... B T T .._.l.”_.-..l__.-_.._.-..__.-_.__.-_l..-. g i 2 7 2 o e e e e e e e .l_-.l_.:.-_.._.-..__.-_.__.-_.._.-..__.-_.__h._". A
K - a- r..r
....................................................................................................................................... e T . L2 P
T I N R N N S Y T e i Ny N N R N .-.i.._._.._-_ult.t_t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t.t..ler- ok, .t.t.t.t.t.t.i“-_”l
.................................................................................................................................................... Tttt T -
A,

of
= .
[

........._....Il- S T ) .._.........__...l T T L T T T T T T N Y Y L T TG T T T T T T N S U T Y T T T T U T T T T N T T T I S Y EPC I
L N F - - ) - F
-“lw WI.r-_.vl.rl.-l. RN mhl.rl.-_.r-_-_ Er IR R LI M ..,-_._..-_.;l.qt__
— ' {
M

...-.................-.................-..--‘-----‘--‘--‘--‘-----‘--‘--‘.:.-‘--‘--‘-----‘--‘--‘--‘--‘--...................................................................................................-........-........-........-........-........-........-........-'.......-........-..--‘--‘--‘--‘--‘--‘--‘--‘--‘--‘:‘--‘--‘--‘--‘--‘--‘--‘--‘--‘--‘--‘--‘--‘--“l
[
.-..a.-..-.-..a.-..a.-..-.-..a.-..a.-..a.-..J.-..a.-..-.-..a.-..a.-..a.-..a.-..a.-..al ‘ | thhjhjhjhj*jhjhjhjhjhjkjhjhjkjhjhjhjhjhjkjhjhjkjhjhjkjhjhjkjhj.-..J.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.-..a.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..-.-..a.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.-..a.-..a.-..a.-..a.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.-..J.-..a.-..a.'J*thhjkjhjhjkjhjhjkjhjhjkjhjhjkjhjhjkjhjhj*lhjhj*jhjhj*&hjhj%

[ ¥

- . L
.-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-.u .ﬂ.”-..all..a.‘.a ‘J .-.I..-.I-.-..'..-..-J “-..J .-..Jl.-.iu.-..i.-.J .-.J .-.H..-.H-.IF.L-HJ .-.J .-.l..-.lq-..ll.-..a-.-.J .-..J-.-..l.-. E .-I .-I. .-..J H..H.‘.J.l..a .'.u .ﬂ.al.-...a .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..J .-..-I
r

| . - -

kR ko g ok ks T T T T TR . T P L T ) PP NG P P P P P TP L P i L T P T P L &k T T T T TR . T P L T ) I P T T P T P T T P P T T P L P LT A W TP P P T T P P L PP |

A Y N R E NN RN NN e N N N N N A N NN N N N N N N N N o N N N N N N A N N N N N I I B I Tl I T N O Rl tg g oy et P i i iy iy i etad i i i iy ey e ot - "N R RN NN

L iy N, Ny L b iy . s iy, "ty oy .__m_._-rmr..,. ."hnr-_._n_. .m.-_hm_._-__._..ruhmhnv-kﬂ
i ! .

Ay g gy . . . .

.__.__.._.__-.L l.-.__.__.__.I.. ._..__.__.__l.._ i..._.__.__.._.l t ] 3 l.‘ ..-.__.._.__.-_- & 3

a
i & ' a )
i C INC B WA aq a5 54 1.__.._.__.__.' ..-..._.__.__.._.‘ -.l.__.__.._l..-. d a4 4 5 52 h_a a4 & =4 a4 4 4 4 L IR ] - * y " "
FEEERED SRR R R L S FEEREEG L3 Sl o ) FEEEREE SRR ERG L Sl 1 )
1

LT T TP I T
R R
rr kk

-

® " 5 " H A + e 1

|
r
|
h'll‘
hll‘
h’l*
-5
+*
‘J‘
‘J‘
‘J‘
[ ]
-
i F
h'.
hI
h_l
hl
X
[ ]
[ ]
]
*y
e
]
[ ]
[ ]
-
[ ]
- [ ]
[ ]
[ ]
[ ]
[ ]
)

L LT N I ] 4 a4 a8 3 1l.__.._.__.__ .-..._.__.__.._i.. '.:.__.__.._.-_n .r'.__.__.._.__.__.._-r..__,..__.._.__.__.._.__.__.l
FEEREE FEREEER FEEETE EEEER L S FEEREEG [l rEREEER FEEEE FEEPEER EEEERTE FEREEG rEREEER FEFEEEEFEFEEREEREFRER,

I . -
, .\._..... ._...__ LI e e e e e e m

e 761

U.S. Patent
S
0



dl 9Ol

US 8,578,921 B2

A 0C}

Sheet 2 of 24

el "
——— v, |
s P — N 1
p— .
e .
] W

~o e dp o ip ol oy e il iy ey oy e iy e e e e e b e 1.-1.............&........".._.”..!- ",

R T e e e T i T i L )

-

.-... .-_.T =
"

"
&
*
n.-l. W W w o wr ow o ow o -
-l-i-i-i-lﬁ.{l..”-i-i-l-i-.i. [ lq_... Iy
. s

ER R R AR RN

Nov. 12, 2013

o
‘ K
. ) [] ]
Pl o™ 1]
- e P A ' i
- ey M E ]
L...- - ] ¥ & E g - -.ll. ' -.
- |- H [ ] [ ] lh .-.l...ll.l. [ ] ] -._
B T - ¥ [ ] & " [ ] a
- X X L] - . - ; 1
o 1 * JULT g T FETR. ...l.'...l- u. .-..- . 1 T 5
.-.-- ey ey S g ....-_I.-_I.‘.-_I-_l‘.-_l.-l VT T T, .1.._..._..._.._-._..._..._..._..._..._..._..._..._..-_ " _ y
= g a ) - . e L L L. L. L. L. L. L.l L. ...l . ] g gl
”-.l.u_. R - Sl .-“_-_____" ] ¥ _._.-._____._.-.4-..41._...1.414-._._....l.4-..41._...1.414-._._....l.4-..41._...1.41.4-._.__...l4-...41.__..141.4-._.__...l4-...41.__..141.4-._.__...l4-...41.__..141.4-._.__...l4-...41.__..141.4-._._....l.4-..41._...1.414-._4..14-..414141414..-4-..414141414 e N ..-1_. _'..- OO s
Jragreg o T LR Y - ] S L, r N . Ty
', [ ] Ll - LR lIIIIIIIII.__IIIIIIIIIIII..-".IIIIIIIIIIIl LI B B N N LN N NN B A R ] L] -_._. - P?*????. ._.I...__-..._....._.-...__-JE .— ] h
- A . .1u.llll.ll!lll'lt-__,l1|1|_rl1|1|1|1|1|1|1|1|1|1|1|_.|1|1|1|1|1|1|1|1|_.|1|1|_rl1|1|1|1|1|1|1|1|1|1|1|_.|1|1|1|1|1|1|1 1|1|1|_r|1|1|_r|1|1|_r|1|1|_r|1|1|1|1|1|_r_-_1|1|_rl1|1|_rl1|1|_rl1|1|1|1|1|1|1|1|1|1|1|1|1|1|1|1|1|1._-___ll.lll.lll.lll.-._._ . SEsSEsSEsSEEssEESEEEEL o e T . = » = Jc -
- v
1] » e . n -
T goos e et i ! DL S i
u ) [ . i”r- a %l 1 TR AL _u v 1]
"; "1 “ .1... -l. ..-..-. . . -.- l- |l.l.l|l-I-l|l.I.lul.l.lul-l-lul.l.lul.l.lul-l-lul.l.lul.l.lul-l-lul.l.lul.l.lul-l-lul.l.l;l. ”l.-.”. ) " L .-.l.- " -._
- = . v . ]
) s - A . Sy oy ) W ' ."- ] "
v ; ] - S o W " » “u- AW _.“
. ) ] " a N ‘. .. . 1w ¥ ]
ln r L .1} -i I- l.l ifn o l.u rk v | ] .._
L] L] - mm . ] Lom A L] a & . + | | ]
’ ] » ] . .._..___r . - ﬁ.l o i M .. o X - ¥
) - - .. . . om
. ] f ] -
¥ __" . .1“ . " “ " - o “_... “.__. y 1 .__H. .___L- u
1
L r ) - .4_-- - L] L L] ..I_- L g A ]
- (P oy . . .«
¥, __" , “a M x4 _qh. " ..__.“ g A M )
] r L - - - L | - Fl L] L ] .ﬂ-_
. ; F .y N .-._r. A oo - - . ..._ . v - !
'3 . ] .1“ ___.-_-..._...—1-- “ ) » Tt -.___.__... “__.. A " __.“. - M
. . .
— ; » - - on LS . _.__n » o » f ]
ol S " . - m S o S A g . & "._
. . . .
- a ‘-_ 3 4 . ' &' B . oga ' ]
- ) . - D | . LI ¥ ¥ ) ]
- ') -1 » .1“ -“ N al l....l...l....l...l....l...l_...l...l....l...l_...l...l_...l...l....l...l_...l...l_...l...l....l...l_...l...l....l...l....l...l....l...l....l...l....l...l....l...l....l...l....l...l....l...l....l...l....l.-.ﬂ' .l..-hl. “-.L -.-_.- [ ”.'. -_”.._ "._
a ' . . b
.‘.... ". ”" “ H... “.- “_ . ' .-l.-.- -.._.-.__.l.h. A " H‘. i
! . ; rl - Ao A ] D (3 o .t
; A 13 " 1 M '
.._____. .....". _._-_.._._...-_._._.“.- Hi.&.#.&.&.#.&.&.#.#.&.#.&.&.#..............................................................-_._...-_._._...._._.._._._.._._._...._._.._._...-_._._...._._.._._...-_._._.-_._._.._._...-_._._...._._.._._...-_._._...._._.._._...._._._...._._.._._...-_._._.-_._._.._._...-.!...._...._._.._._...-_._._...._._.._._...-_._._...._._.._._...-_._._...._._.._._...-_._._...._._.._._...-_._._...._._.._._..._._..__I.._.v.“.l..t.._t...-.“t.._lui.._._...-_._._...._._riririririririririri.lw ' ,
o .-.H ....- - . A "- " . L u N N I I I I I I  r  r r  r r r r  r rrrrrrrrrrrrrrrrr R
s . V' N Ta l.-_.l .-_..l:l..l..l:l..l..l:l..l..l:l..l..l:l..l..l:l..l.l:l..l.l:l..l.l:l..l.l:l..l.l.lm.ll.dl..ll.l‘.l..l. e b e et b e X i "
A Pl ™ 4 . - x .
; . ¥ .
. . X
: e e 4 * )
f Lt 4 - 4 ) X o
4 L - L) L]
RELRREE R L.
................................................. i ]
—1 1‘-‘r|‘—.l'-.l‘—.l‘rl‘—.l‘rl'—.l‘-.l‘—.l‘rl'—.l‘rl'—.l‘-.l‘—.l‘-.l'—.l‘rl‘—.l'-.l‘—.l'rl‘—.l‘rl‘—.l‘-.l‘—.l‘rl‘—. —.l‘-.l‘—.I'Fl‘—.l‘rl'—.l‘rl‘—.l'rl‘—.l‘rl'—.l‘rl‘—.l'-.l‘—.l‘-.l'—.l‘-.l‘—.l'Fl‘—.l‘rl'—.l‘rl‘—.l'-.l‘—.l‘rl'—.l‘rl‘—. " 'I.'. il
| ; el 3 h ;
w . ]
i 11 ety & ‘ .
.
| " ¥ ] .,
»
i T.i.i..___.._._..___..___.._._..___..___.._._..__...___..___..___..___..___..__...___..___..__...___..___..___..___..___..__...___..___.._._.._._..___.._...._._..___.._...._._..___..___..___..___..__...___..___..__...___..___..__...___..___..__...___..___..___..___.._._..__...___.._._..__...___.._._..__...___..___..__...___..___..__...___..___..__...___..___..__...___..___..___..___..___.._...._._..___.._...._._..___.._...._._..___..__...___..___..__...___..___..__...___..___..__...___..___..__...___..___..__...___.._._..__...___.._._..__...___.._._..__...___..___..__...___..___..__...___..___..__...___..___..__...___..___..__...___..___.._...._._.i.i.. I ”.__
] L - e . “w.lr.lr.lr.lr.l . A . e o s . . -
e (] . ™y . . a (] r - . 0 . .ﬁlr.lr.lr.lr.l'. . 0 a ﬂr.lr.lr.lr.lf T
i L | L J [ ] L} . L J L L} L - ] [ ] L L L] - 4 [ ] + X - 4
» ' - . Ta - . ¥ ] "a L) g - v ¥ 4 . * r - - " * . ' * ¥ ' ' » L - L) .
i ¥ . o ' Y i L) * - ' e - . . - § X, . ] o . - - L2 ] . K] & " - X . a
e e e B A ~ e e ol e ol o aat a.l..-...l_.._-_..-. e - as I e ke el - e ke B A e e e e B PR ol e A [, .r.-_..l..-...l_..- | e A e e A A [y LS
. | i . .
L] 17
L] ]
f
-._. 4
[ 4

U.S. Patent



US 8,578,921 B2

Sheet 3 of 24

Nov. 12, 2013

U.S. Patent

|

N

102 -

7 W — .

&

]

rrrord owmwrmrm
a b om bk a hEh

—
r‘ 4

]
. wr, wi

3 | —
'l h‘ "I
. mr, .oy

i'... -,

L ]
AT A

o

» »
LA

]

(XAA AR AR AL L]

: ; I.;I.-I.

FIG. 1C



US 8,578,921 B2

dl old

&,

kY

JORN
4

o/

i

-
"y w

1'
el
b

)
e
©
] {l
¥ l._-"'
S
!
. , .':i:;:._v._._u_.
S F
L
— Q2
-.:-“

...-.
5
"
..____. -
P i
o

Sheet 4 of 24

Nov. 12, 2013

U.S. Patent

¢
oot
- [ * .
..i ' ' 1 o F P Irr-.....
M S ) .,;...
* P L‘ - W
] | I} . 1
MR e ey L, |
m __-..-.-“HH__. ._nn..______..__q,_-u. . . T r..u.._"”. 1
> ; . . ) \

=

FEER TR R

&
u

r
L e e e i i i Pl e

R

L
o+

X
*.



e

US 8,578,921 B2

Sheet 5 of 24

V¢ Ol4

l.l. 4 S S SESESSESESSSESSSESSSSSSSSSESSSES S SS S S S SsS S S SsSSsSEsEsSsESsEsEsEsEsESs

Nov. 12, 2013

912

U.S. Patent

£’
A
A
- T L
r -
— - l-ll|l1 - - - Illll[l
......\.. e e i S
— B B N W - - " - T - H O O O R
— -
..._....1 e
; '
: 4
. N
. Y
! .
. 1
i ]
:
L]
. ]
] 1
'
] . 1
1 Y
1 L]
f i
' e i A
: S w ! ¥
. I \
/ '
.
| h
‘! . |
. __. . ] L]
- - Y 1 H
T r W, ]
- ’ ! \
. - . .
e ..... 1 .
" .
" ' . " ] \
. s F ! \ ]
. N S R \ "
n P L B N AT A A g . / ! '
, . u k ] kS
§ S o g g g g g g g g g g e e i e e e e e e i e e e e e e e e .r-.r-_.r-.ril.bb ' ".1-.. ] ___ "y
e . Y -_.lH . P T T T T T e T e T T T e T e T e T e T T T e T e T T e T e T e T e e T e T e e e e T T e T e T T e e T - -.l”. J .._.
a s .
l..l.l. H .t.r... . M | 3 l_”ll & M . N .-i_r .._.. d T N N R R NN R
I.l l.-_..-. - ..l1.. -.._l_..l.l.l.l.l.l.l.I.I.l.l.l.l.ﬁll.l.I.I.l.l.l.l.l.l.l.l.l.l.l. ...IL * EE | -...._Ill.l.l... ] 1- . L] .l-.. .‘_ b - ._._...-_ arEAEEA S *
ot . e " u. 11 b a o ; s PR, B TR Ay, .
v e ] g S S g R g R g o ] ] - |.¥ vlllrlt . Sty ﬁl. »
] - - - iy roa L - [ A ' o 13 »
.“- - ! " N .r‘l. [ LI o & h o o l
» . - . N . d .Vf 4 Y Y .t.' »
™ - g m I1._- '] [} ' [ - o Nr - rY a
* -_._. 5 LI - ..._.l... - p .- ™ e -.- " .-....-l Jme ......l.“l..._.- ll *
. d &+ ]
__.." ._liv ﬁ’i " ol rY AR ﬁ_... “.._ .-p...nr, i _..._ ..._-_ H.
™ n i ‘-. . A Lb " LI . .I.V B -.M.ﬂ.l.v.l..l . .-..-_.
- ' . . .
- .o - ] 'a
i L) L A .-.:..1 ™, -H-.. M »
Y | ™ | M "._..”. _...-..f..-...-...-...-...-..I...-...-..I...-..I..I...-...-..I...-...-..I...-..I..I...-...-..I...-...-..I...-...-..I...-...-..I...-..I..I...-...r.l...-...r.l...-...r..-.nl..-...-...-...r..-.nl..r..-.nl..r..-.nl..r..-.nl..-...-_...-.I.-.I.rl..r-__ .l.I.-..l.-.I.-.I.-.I.rI.-.I.rI.r“ »
r ..”w-.- .
.i.-_ -.l -..I...l...l...l...l...l...l...l...l...l...l...l...l...l...l...l‘ - ll.. - L] " .-_L
- 5] : L ‘wtererert W g
n..l.l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l..l.....l..l....l..l..l..l..l..l..l..l..l..l..l..l.l..l..l..l..l.l.l..l..l.l..l..l..l..l..l.l..l..l.l..l.l.l.l.l..l..l..l..l..l..l..l..l..l..l. L * o LX) e e ..l_.
r .
........................................................................................................................................................ Y R
.I_I_I_I_I_I.I_I_I.I_I_I_I_I_I.I_I_I_I_I_I..I..\.l.-l.lI_I_I_I_I.I_I_I.I_I_I_I_I_I.I_I_I_I_I_I.I_I_I.I_I_lll_l.ll_l.ll_l.ll_l.ll_lll_l.ll_l. N A A A N N N N N I O I N N O N L N I N A A A A A A A N I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_I.I_I_l.ll_l.ll_l.ll_l.ll_l.ll_l.ll_l.ll_l.lu.-_.
s, * a4
iy o . Tt RN R
-_.-_.__.-_....-_.__.-_....-_.__.-.....-_.__.-_....-....-.....-....-.....-....-.....-....-.....-..._J...... e A e A A R A A A T R A R A A A R A A A R A A R A R A A R A S S R ;; -l. . ae .I..I..I“.l_l.-..-.h....-_.__.-_....-..__.-_....-_.._.-.....-_.__.-_....-..__.-_....-_.._.-.....-_.__.-_....-..__.-_....-_.._.-.....-_.__.-_....-..__.-_....-_.._.-.....-_.__.-_....-..__.-_....-_.._.-.....-_.__.-_....-..__.-_....-_.._.-.....-_.__.-_....-..__.-_....-_.._.-.....-..__.-.....-..__.-.....-..._.-.....-..__.-.....-..__.-.....-..._.-.....-..__.-.....-..__.-.....-..._.-.....-..__.-.....-..__.-.....-..._.-.....-..__.-.....-..__.-.....-..._.-.....-..__.-.....-..__.-.....-..._.-.....-..__.-.....-..__.-.....-..._.-.....-..__.-.....-..__l“_l.“.
' ] L . ¥
1-_ -...-..-..- il- .I...I-..__ - i - .... .-_.
» - "a * -
- ! .
s T .l.-..._....l.-.l_..l_..l P il N i S e il i Sl i Sl ek Sl S Sl S Sl S S St i __.l__.I__.l-_.l__.l__.l-_.l_..l_..l-..l_..l_..ll..__.l-__. * -_.l.-r...l L t »
i - N I.._.fl—_.__.__.._.__.__.__._..__.__._..__.—_.__.__.._.__.__.—_.__.__.._._..__.__._..__.._.__.__.—_.__.__.._.__.__.—_._..__.__._..__.—_.__.__.._.__.__.—_.__.__.._.__.__.__._..__.__.__.__.—_.__.__.._.__.__.—_.__.__.._._..__.__...__.._.__.__.—_.__.__.._.__...-_._..__...__.__.—_...__.._.__lill.l_-. " = ...‘ »
ll....l.-nnl*ﬂllllllllllll - lﬁlllllllllllllllllllllllllllllllllllllllll._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.ll.!{tl_._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.._.lllllllllllllllllllllllllllllllllllllllll!ll.
Al -WV . ' s
. [
- .-._.._ *, H.
Ll "1.- - e e O - H. »
i I1IU- r.l.ﬂ.l1I....I1I....I1I._..I...I....I:.I....I-.I._..I...I._...'rl-.. = e e e e T e T T T T T e e e T e e T T T e e T T T T T T e T T T N e .I.'..I....I!I._..I...I....I1I....I1I._..I...I....I1I....I1I....I...I....I1I....I.lu-ll.
1-_ - ..-.l L I N _-._ A G S Y I I T T T L O O O I Ir o . l.I 'w L] . ¥ .-_l
1-_ .r..r... i N A A A A LA Al s LI PP s ) k . .-.- ;- 4- .-_L
. . [
SN g R | s 42 ¥
. . .
”-_ .... LJ ...._-_. - 1“_._‘- !.mt H. ._._“
_....._...._... {iiii;-.
R R R R R R E R R R R R R R R R R r kll..-_- R E R R R E R R R R R R
L....p..-..-..-..-..-..p..-..-...ﬁ.-..-..p..-..-..p..-..-..-..-..-..p..-..-..p..-..-. x ' a_l_._-m B et oo L LN )
[ N . ' ' . . ' . - . '
r ) ! A - " " » 1 £ s
» A MM m MM m M m MMM M m MM m MM m MMM m Mmoo m e n a (B ]
l...l.-.l...l...l.-.l...l...l.-.’ﬂ‘q.. N RN EEEEEEEE RN EN R R R NN NN NN R RN NEEEEE RN NN NN NN r .l-. n e e e e m e e m e o w %‘ h‘.i_ - F O F R F R R E R F R L] -‘ [ ] + -
[ a & xr - . - - i B
R A foirs L T L Ll o o A o B e Al % PR
i T b N -_- ......... ,.w f{l..l..l..l..l..l..l..I..l..l..I..l..l..l..l..l..l..l..l..l..l..l..I..l..l..l..l..l..l..l..l..I..l..l..I..l..l..l..l..l..l..l..l..l..l..l..I..l..l..I..l..l..l..l..l..l..l..l..l..l..l..I..l..l..l..l..l..l..l..l..I..l..l..I..l..l..l..l..l..l..l..l..l..l..l..I..l..l..I..l..l..l..l..l..l..l..l..l..l..l:Ia . P ..f.-t P i.“... P ...“1!.-.
e e ey Taala e e e e e .. L am o mm o - m oo amomm momm 'y Dol el al el als .l...r.-__.r ey F
L - o N i I ) - - R L L .-_..-_.f.rl r -l % . . )
L] L | ] n LI | - b i &
I -q.-. .-l_-. .__,..-.-.._.. " [ 5 ] .--u 1.& . . |“ e 1 y - YN
i e S S .41.-_1__]__I-_l__l_.l_.l_.l_.l-.l_.l_.l- R il P e e s e i e N e N N P T T i T - ) r Poa iy M [ T P P P TTEEY, FECRE R e - *a mt. .h 7 H. »
r a ko ]
'IJ!JlJ!J!J!JlJ!J!ﬁ%ﬁ*!a!J!Jla!JIJ!J!J!J!J!J‘Jla!JIJ!J!J!J!J!J!J!J!JIJIJ!J!JlJ!JlJ!J!J!JIJ!J!JlJ!JlJ!J!J!JIJ!J!JlJ!J!JlJ!J!JIJ!JlJ!J!J!JI.J!J.-...I_...-_...-....-_...-_...-....-_...-_...-....-_...-_...-...l_...-_...-....-_...-_..l_..l_...-_...-....-_...-_J.-....-_...-_...-...l_...-_...-....-_...-_J.-....-_...-_...-...l_...-_...-....-_...-_J.-....-_...-....-...l....-....-....-....-.J.-...l....-....-...l....-....-....-....-.J.-...l....-....-...l....-....-....-....-.J.-...l....-....-...l....-....-....-....-.J.-...l....-....-...l....-.J.-.JI.J.-.J.-...I....-.J!JIJ!J!JlJ!J!JlJ!J!JIJ!J!JlJ!J!JlJ!J!JIJ!J!JlJ!J!JlJ!J!JIJ!J!JlJ!J!JlJ!J!JIJ!J!JlJ!J!JlJ!J!J‘J!J!JlJ!J!JlJ!J!JIJ!J!JlJ!J!JlJ!J!JIJ!J!JlJ!JiJ x a T " .I.-.l. ...“ “.
- - a
P P T P T T P T T P T P P T P T N P T P P T T P T T P T P P T P P T P P T T P T P P T P P T T P T P P T P P T P P T P P T T P T P P T P P T P P T P P T T P T P P T P P T N P T P P T P P T P P T T P P P P T P P T P P T P P T P P T P P T P P T T P T T P T P P T P P T P P T P P T T P T P P T P P T P P T P P T P P T P P T P P T P P T P P R P P T P P T P P T P P T P P T P P T T P T P P T P P T P P T T P T P P P P P T P P T P P P P P P N I L | .-.r
B e R TR R R T R R R R R TR R B R T R R R B R TR R h e B R B R E R R R R R E R R R B R TR R B R R R R R B R R R B T E R R R b e R R E R E R B R E R B R R R R R R R B R T R B R B R R h e R R E R B R B R h R R R R R B R R TR B R R R R R B R R R E R R R R h R B R h E E R R R B R R R R R R R R R B R R R B E R R b e R R E R E R B R E R B R R R h R R R B R R R B R B R R R b e R R TR B R R R h R R R R R B R R R BT R R R R B R R R e E R R R R T H..
IR N N R N XN
v
»
I.l..-.lﬂl..-.lﬂl...-.lﬂl..-.lﬂl..-.lﬂl...-.lﬂ."-l-I-I-I Mo I-I-I-I-I.lﬂl...-.lﬂl...- o I-l-l-l-l.l.l W N LR AN AAE RN LA N EER RAAN, ..--I-I-I-I VA A L ELER AN LARERE AAAN L ERL AL LR AANAREEEE AN AEEEN AN LS I-I-I-Iﬂ.lﬂl...-.lﬂlﬂ.—.l-l-I-I-_T..-.Iﬂl...-.lﬂl_...--l-I-I-IM.I...-.IHI...-.IH‘I-I-I-I-w-.lﬂlﬂl.ﬂl”--I-I-I-Iﬁ..lﬂl...-.lﬂlﬂ.-.lul-l-lu_ul...-.lﬂl...n.lﬂ AR AR, I-I-I-I-”.lﬂl...-.lﬂl...-ﬂ-l-l-l.r “Iﬂl.l.lﬂl.l.lﬂl...-Mul-l-lul I.I...-.lﬂl...-.lﬂl".
- . ™ '] . . . o . ] ¥ F [ N - - [ - - » F
rrrrErErrrE e l.l.l.l.ll. -I.I.l.l.l ﬁl.l 'l m'r'm'w l‘ .:.l.l.l.l.[. l.l.l.l.ll. .Il.l.l.l.l. e l.l.ll. 'l..l - l..l.l.l.l.-. .-.l.l.l.l.l.. I._.l.l.l.l..' ‘e’ -l_.l.l.l.l.u ﬁ.l.l.l.l‘. RN RS l.l.l.l—_n .l..l.l.l.lh e ll..l.l.l. lll.l.l.l 1|l.l.l.l.l.l ll..l.l.l.l.l.l.;




US 8,578,921 B2

Sheet 6 of 24

Nov. 12, 2013

U.S. Patent

d¢ 9l

¢ .
.1 -~ i .l..l..-..-..-
Fi —y L
' ~
~
1 k :
1 - -..I. .._.-_u .-.1 B B B e B e B e e e e e B e e e e B e . .._._\-.
_h . .._____ s _.W LI........r.r.r.r.r.r.r.r.r.r.r.r.r.rl.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r-_ [] “a .._..1
. a v a 1N -
J ¥ ¥ -
[N .___. ¥ ot b » I.-_.-. - -,...I..j.__ l.-.!-.l
el LR T R LT 1 a a n_. . LN W,
.”_.. L] ] * ___ __. v LELE -..._.1.._.1.-_.1.._.1.._. ST T T e e o oy [ - =
M L i M m. - ..__.l..l. =ud ¥a i -. -l.-l.-l.- I.-l e e s e’ . -..-.ll.. .l..l Y
[] - ¥ ) .._.« 4 ] [ ..o
Yoo _T * H ) X ..._ . L “ "y - £ AUy o w -
. L - : ) v - - —_.I.l -yt . “._...“u = kA L] i”__l.._l_“_l.._l.._l. _HI L]
X l“, ] a a = - F L] -
]
x o n ¥ | .”. J ”. 4 iV . ' -..-..—...-....-..—...-...-...—..I-_ .-.rllu..__. .-._.u-_..u.
. . .
¥ ot gt I* L T 1 a a l.._._%..-_ -._..b it - L] .
* A .-_ . H I .".r .“_r LY e . l- ' 1.l....l-.l.1
A | Bl . - - . . i e e L e ]
& i = . .-I.r.r.rrl J-_II.I.‘LII SE Bp B N NP Gp Bp NY NP GE By N GW NF BF N BY OF NF B Op OF NF NF G Gp OF W NP O BN Y OF O By BF BF B B N Bp OF BF B N Op Y NF BN B N N p oo - Ll Ll - .-.. *
.ﬂ.. L] LY E O T - Al G S S G G S G - Ll L] n ] .
L rrrrrrid L | LR B EC I I T N O O I TR ) a2 + F - .
I FEE R EEE R » 1 =gl & - LN
¥ 1 - X a a | Y A A e A e A -...r. .i.....l.l
B dn e s e e dp - i - h.-..l..r.l.l..r.l.l..r.l.l..r.l.l..r.l.l..r.l.l.l..liu. ..-...-_u.l.n.[....l....l....l....l....l....l....l....l' P [ e e
* u * " .ru;..- > __.. » ”. S T raa L . "u ¥ ” “..
. r a
* ‘& "...n W "W .us_ ¥ . ...W . P " - * ¥ i
L
H ’ “..-.. ._. .-_H -T- -H.'. l.___l.'. ll-ll.-.._.i.._l.__i.___-..._1.___-.._.1.___-..__1.___-...__1.___-..___1..__-..__.1._._-...__1.___-..___1..__-..___1.___-..__1.__.-..___1..__-..___1.___-...__1.___-.._._1.___-..___1.___l.._i.___l.__i..__l.__._..___-..._i.___l.__i.._i._- r-. _-.mlll_v.__ .....1.“.!- j..t.:.-. 1“ ”. » i
- - . S om - R . —
* e .-__- T LI .-__-. “} .-_ L N » L LA . * LR
o Yoo u . - o - . ¥ ]
s - f » i_... . a - DA ] P » . -
] L | [ ] oy L ] [ ] F l_l L] ™ a Y ']
X - . [} i_.. L . o= K] L - » . -
s . -_.-_.1 4 ' - U . - . - " - ¥ 1,
M ‘i . .w.- I o %.. -._.__ .-1- oo e oy oty ~ - ”r - X i
i 5 X, . [} [} .3 . » d
* - k3 v L LY PR [ A A Y L. i a ¥ Sl N
+H L Ll L] - * ¥ - - r a f 5 -
* N -.. .__M. ' ! -T ) R PP PR * ¥ " - ¥, » a
X Ra .!.._ a ".. -_... P ¥ 5 - » . -
s - o .“_-. b .-.".. ok -T“ ” lﬂ 'y g h- “a . .” “.1
. B a
¥ - _..u. .il. T lu_ i_... S om * I_l. - . ] - » . r
& | | L] L] F - L E FE F R R FE R FE ey FErFyY FY Y rFEFyE FEFEFEFEFEFYFEE Y . 4 & d
X N - [ r . om T - » . il
-ﬁ L | -_.... L] » - Ll a » ]
N o M A vt - * My
x ] ) oo - » o] -
F & -T.._ o . * . " a ) d
* -_.-_. m -_... o .ll.l .-_ e S Y T * 1“ ¥ » i
* * '.. i..___. -T T .‘-..'-. l. j.v .-.. i -_. : ,-.1
E ] ¥ r b . - - + - » . -
a % ] . n | & - Ll a5 » L]
X T | " - Ea ] - » . -
i Ty i i - b " . - a » a4
X l_-"... \“ om F . lll .___- . L - .-” . . -
Fe N N N NN i B L - ?%I-: ' P P P P P P P P P P P P P i Py Py P Py P Py PP P P P Py e ' ' ' W E O F R E R EEEEEE R E iyl e
...-.-l_.- VAL A A add 'l-....-_ Lt .-_...l.,.l.._.-....l....-_....-.....-_r.-_...l...l...t....-.....-_....-_....-_....-_.,.t....-....l...t....-.....-_....-_...l...l...t....-.....-.....-.....-.....-.....-.....-....l...t....-.....-.....-....I....l...t....-....l...l.....-....l....l.....-....l...t....-.....-.....-.....-.....-.i. ._.‘ » ! ll ..- ll. - .-. “l. - l.,-h
e .“ '. l.._ -.._....................._.........-_.........._....-....._.........-_.........._....-....._.........-_.........._....-....._.........-_...............-....._.........-_.........._....-....._.........-_.........-.....-.... L o dr By e e i e dr e dr er e dr e dp e dr e e dr e dp e dr e b e b i o l._.l.I .i .r“ .H.”__l__l._l._ Lo b
] . n P !
* a —Jll .._- .-. l. * -.. 1 » +-
X L -_- " l-.. i a 1 - I....lﬁ.l.- ._l..-.-..l. -
X L _l.-.-. ~ o [ N e L] . . B a s 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 9 4. 4. 4. 4 4 4 4 4 4 4 4 4 4 A 4 A 4 A 4 A 4, 4 4 A 4 4 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A 4 A4 A 4 A 4 A 4 44 44 .._._1_1.1 1 [ ] -
+* -i i 0h - ] ”.. .-_- o .I....__.-.._._-.___-..___-.___-...__-.___-..___-..__-..__.-._._-...__-.___-..___-..__-..___-._._-..___-.___-..___-..__-..___-.___-...__-.__.-.._._-.___-..___-.___-...__-.___-..___-..__-..__.-.___-...__-.___-..___-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l..-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l._-.l.l.l._-.l._-.l.l.l._-.l._-.l.l.l._-.l._-.l.i.-.. * e ._..-_-.. * ” reTEFEREFRERERETEREFEYEREYFER RS ._ » [] - .ﬂl-l-l-l-i-l-l-l-l
-, . a L) .
¥ ey | n o ] » - WS S S
. * ¥ :
H i " ¥ ¥ ot L ] I_."l..-. -.”.
. [
L X L ]
M e d e s e a e e e e e e e e ¥ F . . . . . . . . . h-“- -_“ -.._.
* L] v MRk R ARARARARAR AR R P P Py T SN ] APy (g gy pugy ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) - ) ) R P PRy PR UL AN AUE AU (AP (A (A (g R Ny N AU (UL AU JAUp (g pug g pp g - ey
H .I..r...r...r...r.bm. " A e ..rl." “....r...r...r...r.ﬂ “....r...r...r...r. “....r...r...r...r..“ ] l-...._...._-...........HL .L..r..l...r..l...”.. [.I..I...r..l......-._ ..ﬂ....l...r..l......-._ .m...r...r...r...rh -..r...r...r...r..l..-. ”-.”....r...r...r..l.m 1”....-........_...._-.% ”..I..I...r..l.“.____- “...r...r...r...r.-." “u...r...r...r...r.ﬂ M...r...r...r...r.“ m...r...r...r...r.“.. W..I..I...r...r...l-. L.I...r...r..l...l-.. ..-..r...r...r...r..lr .i...r...r...r..l..lm .i”-...r...r...r..lb. -"...r...r...r...r.'. ”...r...r..l...r.-.. eaatatatatatatata”
- r T - . a . . - ' . a a
X » [ ] * . = a i ' » a [ ] i [ | - L] L] L | L] x L] r . . a . a ] [ ] » 4 [ ] » ] » ¥ - 1] - L]
[} x [ x + 1 L L] . & L] L] » [ L] * x x . 4 4 ] L |
* 4 4 a2 a ik A g g B LI I LI B B i ad AL Y | ”-. A a ...- --..-.-- _..n A .l..--. .1!-1 S LR | .l..--lL Aa ..-ﬂ.-.l NI N LI I B ._..”.- L a LI IS BB B P LA BLC I B I ._.- RN | 1- L a ..- A -.l..-l . .r..-.-.- .l -...l..-l = i.....l-.- L A
1
~ -
.
—

VeC



|...|
- - " EERE] W.l..l..l..l..l..ll..-. LK " F RN KK

A s m aaa B aE A a .
RS .

e

LI L L I L I

BN N R

= B}

-
[
'
'
[
'
'
[
'
'
[
'
-

-

ER RN

.a.-_-_ L
l..._.l..u.l.-._.l..._.l..._.l.-u_.l..._.l..._.l.-u_.l..._.l.u T . B R EE R & P N Il.l -.ll.l -.ll.l -.II‘.‘
I.-.I_.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I_.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.I.-.l-n -k

|
]
L]

iy
—
R R R R RN
'
|
r
|

US 8,578,921 B2
e,
al

"__ H._—._..__.._..4._..4._..__.._..4._..4._..__.._..4._..4._..__.._..4._..4._..__.._..4....4._..__.._..4._..4._.......4._..4...4...4._..4........4._..4......_..4._..4H y
ol -
! * e
| - -
* -
R RN * e
[} Fs
- .
.L” * - ’
e e e e e e a aam e e aam /
NHEEEEEEEEEEEEEEEELEEEEEEEEEEELE. B
i . 3
. - B R I R N R
- » -
L] i- ‘l L]
[ .
. -
. e
.-.. .-_.__ -
. -
. e
- F
*,
*- 3
*,
*,
*
*,
*,
*
-
. 1
- ' ra
-~ 3
[ ]
~ .
1 r
[ ] 1
1 [—
[ ——
-~ - -=-==-==-" - 1
1 _ Fan
[ -~
1 1 T
[ r .\\\
1
S - .__.__._-
.
! .____..
F il
, s
___ R N I N R R Pl W R e ek K kA kN
- 'y / o, £ ll.......E.
] - . .
X *, ., e - LAY
_r. ”. ”.__ ..-“.. AN EEEEEEEEEEEE "
- e - . T T . -
- l.hl.hl.hl.hl.hl.hl.hl.hl.hl.hl.hl.hl.hi d £ hl.hl.hl.hl.hl.hl.hl.hl.hl.hl.hl.hl.hl.hl.hl. l.hl.hl.hl.hl.h N h‘ - *- ‘I -.-.‘l
w A [ - ] P e e s
' . " . ..-.. .-_l -.-..-_l - s
. ll L] ... ..-.. ._.' l- ..-.l.. ﬂ- n-
|||||||||| _-n‘!.-qr-.!ll- , I.- _a. -... 3 ‘ -.-..-_A -.I..|||||||||.|||
] ; : N ifl » d s '
L F .d. Jﬁ . . =l L] | b &
v s 1 b ] S : B R4
i * . ™ [ ] il » - _ *
) .r..ﬂ 4 B - i
v 4 2l . : ; g
[ - ] " ] - »
., ¥ - i B - . .
.-.. —_l | - -.'. e - . R
L) e ! - S B e . e
[ - ] il s - »
., M | S e d B - . L
H. ".-_ L. | J-. ll -.I. ...u.. ., I” Il.l.l.l_l.l_l.l.l.l_l.l_l.l.l.l_l.l_l.l. ' " - -.“
- L} Al L - Ll
i - = ] N .- .__..__...... " Ty L) L]
[} ¥ . R, ' - el B . . - .
l.ll.ll.l..ull. T - - [ \ I- -.. L] J_r..._. L)
el . I .l_._..-_-_..-. sl I —_— ._..-_-_.l_._.l_._..-_-_..-.._.I_._.I-_.I._.l_._.l_-_.l.._.l_._.l_-_.l.._.l_._.l_-_.l.._.l”
' - i B
I \ e On 1l B ! .
i B e I I e ——— I 1 =4 =/ -5H__.___._. 8§ ... @  Ja TR 5
1 L . ) e N e e B L -
d i..i..i...l.__.riiii I Y F P F P FFFFF R P F P F R E R o - e A ..1.
N -
I ._..,. * * nu-..l.l_ ¥
1 W .”. ”.__ . - e ._..n.ﬁ .._.L___L_.}._ :
i a a .

Nov. 12, 2013

LI B BE R BE NE BE N R N RC R R R NN NN

LA 8 8 4 4 44388 8 8 8 8

L

A 2 2 2 &2 &2 a2 aaax

300 -

U.S. Patent

FIG. 3A



US 8,578,921 B2

Sheet 8 of 24

Nov. 12, 2013

{

U.S. Patent

FI1G. 3B



US 8,578,921 B2

Sheet 9 of 24

Nov. 12, 2013

U.S. Patent

3y

“dp " dp " dr e e e e

v Ol

T,
.r-..'
.f/fl
n ...-_.\.\u
.._ .
[ .-..1| -
NN -
dr dr de dr e dr e dr e e e dp e de dp dp e de e dr
......................................................................................................................................................................................
i
| i_H 5 B 5 5 5§ 5N i 5§ S i S S fSSSSSSSSSSSSSSSESSSSSSESSSSSSSSSESSSESSSESSSESESSSSESESESESSESSEESSSESESEESESEESEEEE NS NN NN NN
X
dp e r e e e e e e e e e e dr r e e e e e e p e e e e e e e e e e e d e e
e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

L N N N

IIIIIIIIII L

e 00F



U.S. Patent Nov. 12, 2013 Sheet 10 of 24 US 8,578,921 B2

top feed port or hatch 106

FIG. 5A

magazine feed port or
bottom feed port



US 8,578,921 B2

Sheet 11 of 24

dr dr dp e dr b dp dp e de e b s

P
H..............r.....q&.......q......&......&....q.........k...
i Yy i Yy i Yy iy e iy iy i
A e e a a a a
...H...”... .”..-_.“..-_.l..-_.l..-_.”..-..”..-_.”..-_.”.-..”..-_ [
i 4 > F.T.r.r.r.r
u V. .,_.._.t_... )
Jroip A& I dr dr o dr
i up o) Bk
ik ] i.r.r.r.r.r
oA, L N
Pl 2t g
BN L R LR
3 RN NN INENCENEN +
R el kol ol M
N A N
L N LI EN ¥
dr iy i iy oy e iy e i
N NN ¥
1 N
dr e e e e e e i e e e
i Yy i Y i Yy i e iy i i
N NN EN ¥
dr dy ey oy ey i
e e e e e e I
0 e A e N,
ar p dp dp dr dp o dp e dpdp dp dp oy ldr 4
._,.H..qH.._.....n..qH._..H..q....n._......n..qH.._.....n..qH._,.”.._.....n._,.....n..qH..q....n._,.H._..H.._.....n._..H..q”..q”._......n._,.H..q....n._,.H..q”.._..,..qH._,.H..q....n._......n..qH.._.....n..qH._..”.._.”._......n..qu..q..q
2 ...*...k*k...*..L::.**k._:...L.................k......M...............k......k......
N A e N N e N )
dr iy dp g dp iy dp e e i dp iy dp e dp ey e e e dp ey iy dp ey Wy e e ey y e e iy
dp Yy i Y i Yy i e i iy e Yl i e e e e Vi ey Ty i e iy e e iy iy i e iy
P O N s e s s s
dr dy ey oy e ey oy ey oy e ey oy e ey e e dr oy e ey
D N N o
Yy P A B A N N a a Caa  a aaa aay
e m.m.m. e ... .., dr dp dp dr ddp e dp dp dp dpdp dpdp dp o dp e dp dp dp dp oy W dp dp dp dp dp dpode dpdp o dp
& SEemLmLoELmLEL L N A N N e
P A e e e s P L a )
i i dr iy gy oy oy e e e iy oy e e dp oy e e ey e ol i dp e e ey oy
D N o Wttt ol sl
2 e A e a a a a a aa a BERENR a aa a al
ar iy dp g dp iy dp e e e dp ey e dp ey e e e dp ey e dp ey ke b rom b iy dy i
dp Yy i Ty i iy i e iy e iy e e iy iy e Ty i e i e e T
P N s sl B
dr ‘e iy oy e iy e iy oy i e iy oy e m o Wiy
iy T iy e e e e ey ey ey ey e dr A e w ey
A N N N N a ey
ar p dp dp dp dp dp dp e dp dp dp dp dp dp dpdp e dp dr dp drdpdr W oromow )
1 U Yy i Yy g Yy g e iy e i e e e iy ik n w
P N L At
L A e s N R
D S LR
N A N R et et
dr iy dp e dp iy dp e e e dp ey e dp sy e dp e dp e b dp e ok omor reroar
i Yy i Yy i Yy i e iy e e iy e e iy ey e e e
& P e e N
dr dy e iy oy e dp dp ey oy i ey oy e e e i m ww = aomoma
e Ty e e ey e Yy ey iy e dr o de A s e m
N N N s e s et
ar Ly e ap gy dp dp e dp e e dp e dp dp e e dp dp dp e e dp dp e ke " omorody
_v. N A N A  a N  a a PR RN X
Ay Ty Y T T e Vap ay p Vap i Yy gy i ey ey
dr iy e iy oy e e iy e i iy oy i e e iy e iy i ur iy dp iy iy
P N ) P )
N A N N ar Vi
dr iy dp e dp iy dp e e i dp iy dp e dp ey e dp e dp e e e dp e dp oy dp i ar iy dp e dr oy dp
L N R N N N s i T i Ty
A A . P T R N e
0 ur dy ey dr iy dp ey oy e e ey iy e e iy e e o m m oy e ey
arde e i T ap e R TR R R e g Ty ap e iy iy vy ik Ve iy e
) N N N A e el el s
ar iy dp dp dr ar dp dp dp dr dp ar dp dp dp dp dp oy dp dp dp e dp dp dpode ddp o dp
" H de Vg i Ty d Ty iy e i ey N N N )
P ) s P s
dr Vy e iy dp .. e e iy e iy dr ey i iy p e e e iy e eyl
P N N ) P e e
N N A N e ] D N N N N N e
ar iy dp e dp iy dp e e e dp iy dp e ey dr dp iy dp ey oy dp Ve ey p e e iy
dr Yy i T i iy i e iy i e iy i e N N N )
P e ) P e s et st s s ol
L A A A e dr dp ey oy e ey oy ey
e ey e e e e e P
L e e ] P N e )
ar p e dp dr dpdp e dp dp dpdp dp dpodpdpdp ar dp dp dp dp dp oy dp dp dp e dp dp dpode ddp o dp
L A ] N N N )
P N A A ) P A e st st sl oty
s T e R 5 S R S e
ar Yy T g T ar Yy Ty u Yy T e Tar g
ar iy dp e ap ey i dp iy iy wodp ey oy dp ap iy
.r}..rl..r}..r}..rl..rl r}..rl..rl..r}..r}..rl l}..rl..r}..r}..__ }...11...1}...1}...1L

U.S. Patent

dg Old

Lam. L e L L

wow

"

i
L
i
r
¥

'y
L
¥

L]

X
L]

L a2
[
xr
L
[
X

i
r

L

i
L

s
¥

oy My

X X

r
X
L4
L}

L

L)

L]

L
*
r

L
Jrl'
i'*#
¥

ol A b o M o N
ol o koo

.....r.....r.-...r.....r.....r.r.-...r.r.r.....r.r.r.r.r
o .r..1.....r.r.r....t.r.r....r.r.t....r.r.r....t.rt....r.r.r o
N Ny

L L

)

Pl sy

R EEE R XN R R K ¥

L
L g
X

L]

X

ko ik dr ki ikik
L]

J
'
I
L
¥

Pty

X X X X ¥

L o

AKX XK KN XXX
ol
P

N

T Y

X o & b & X X O
iy dr

o o
T
XX XXX EEEREEEEEEE
XX

P N N N
4-*#*#*#*#*#*4- I
Lk E S al 3 ) 4-:#*#*#*#*#*4- I

rEII ALY
& XX 4-:#*#*#*#*#*4- ,

A s,

A A A  a aa
L)

¥

ettt X
x
™
F
ol
Eal
Ea )

Ty
)
E
EE N
L g
EE

ol

X
X

e e e
#kk*&&kk&&.q&...&kﬂ&ﬂ...f

X XX XX,

s
X

¥

X R R N K K R N K X S e e X X K kX kK kK X
Fy

R

¥

X
g

CXN

X ¥

4%’

o o & E o & o o & o o & o o & E
3 .r..T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T .T.'..T i~

r
i
L
i
r
'
i
i
L
i
r
¥

drodr dr dr o dr dr b o dr B b 0 0 W0
dreode b b b oS b Ao A
drodr O b S S b S W W o S N
dr odr B o dr br o Br o Jr o0 0r o 0r 0o Jr
E U

X
L
X
L}
X
r
i

r
¥
L
¥
r
X
L]
I i

L
Xk
L

'
r
¥
r
i
r
'S

L}
X
L4
X
L
X
L}
i i

L
EN
L

PN
'rJr:lr
owx
F ik
i
ik
LN
¥
L
Xk
L

L)
Xk
oy

L}
¥
L4
¥
L
¥

& dr
& A

o Ao
L

L

i

r
L
e e
L

L

i

X
L
X
X
L

oA oA

...”...”...H...”...”...H... ..._—....H...”...”...
e i i ey
.q.q.._..q.q.q.q%....q.q
o e
i i i i iy e e e i
ar i v ol Ty
ar i i Vi i iy e
PO e it
ar i i Vi T Ty i
P
i e e e
oA e
i i Vi T e
e ey
L s
P
.._.H._.”IH...H#H._.H"r._....H#H#”lHt
e A e
e e
L
dr i i i i iy e i
..................“.........

i i i i i
L

N NS

e

P N

H.*T.,*T*,tnn.“w”*n.*,*
3 h_q#&#*&##-

* |

r
x
r

i
r

L
k i
i
L}
L
Lt 4

L
L
L
F i
L
L

L
)
r

X
L}

L)
o
¥
¥
k
¥
L)
¥
¥
¥

'
i
-
¥
r
x
L
i
L

ar b A M
b i
E

i
LA
i
LA
i
LA

L
'
r
r
i

L]

X
& ki

X

X N X N %K

X

F
¥

R ol S A
L)

EaE
i iy

......H_..H_..H...H_..H
iy dr A

)
S

X
E )

auizebew e elA peay wopog

-~ 8LE

i A dr A
.T.T.T.'.T.:..T.T.T.:..T.T.T " .T.T.:..T.T.T.J..T & o A
N .T.T.T.:..T.T.T.T.T.T.Tb..f " e i
& o A .T.T.T.'..T.T.T.T.T.T.Tb..' " ity
.T.T.T.T.Tb..T.T.Tb..T.T.T " .T.T.:..T.T.T.:..T U
o I .'.T.T.:..T.T.'.T.T.T.Tb..' " e
.r.....r.r.r.._..r.r.r.....r.r.r e
AR Lol
e, LA A
i i
Pt
ar o e

P P IS

i i e i e

i
....................._....H............... /
i e iy e i Vi iy i iy
Y ﬁ:n..uﬂﬁﬂﬁﬁﬁﬁ:
ap iy iyl iy
dr 'y iy dp iy dp e e ey
i Vir iy dr i e i e iy e i
dr dr dr dr e dp e de e
dr e ey oy e ey
i dr e dr dp e drip A i
A e
ar dp dp dr dp oy o dr
PO R P M R M
e TR e
. LN
L ...rl..Tl..rl..rl.n

.T.T.T....T.T.T.T.T.T.T.:..T.T.Tb..'
T L M e  dr e i de e e e e e e e dr ok e i e i e s i s i ko e ko bk ka
L AT T e T T AT AT TR TR

s kel ke kel khoa w e de deon ke ke ke ke b e b e de e e e ke ke e ke e e b e e ke ke ke b ke e e e e e e e ke ke e ke e e e b e ke ke ke ke ke e
- -

i Tt e P i e i P P T P ........ Pl i o it

PR S I o A i

bodro b dr b B M B K K B B B

" s a a a s a s m a s s a2 a a2 a2 2 a2 a2 a2 a2 a2 2 228 a2 a2 a2 a2 & & & & & & & & & h b b & & dJ B U

T R e L O I I i g g g O S A N N S s A ) ol I e

J dr Jr de Jr dr Jp Jr Jp dr Jp dr 0r dr 0 O Jr Jr Or 0r 0r O & O e e b B &

e e e R e B b e e e e
2 a2 ma a s m a a s a a m a2 a2 a2 a8 &oqao-xxax

R EE R R R RN O N I N I e o o o e e Sl o vl e o e e e e g ey e e

- . “I - - ”l .TI Hl .Tl HI .Tl ”l .TI Hl .T.TH.T.T.T”.T.T.TH.T.T.TH.T.T.T”.T.T.TH.T.T.TH.T.T.T”.T.T.TH.T.T.TH.TH.T”.T.T.TH.T.T.TH.T.T.T”E .T.TH.T.T.TH.TH.T”.T*.T”E .T.TH.TH.T”.T.T.TH.T.TE
x x x x x ....T .T.T.T .T.:..T .T....T .T.T.T .T.:..T .T....T .T.T.T .T.:..T .T....T & Jr .T.:..T .T....T .T.T.T x x x x x x

E I
drodr o dr dr b 0r b o0

o
T i P T e Pt i P
Jrode dr o de b b 0 et e it it Pt P e il

o e e A e e e e
T P i i i i)
P i et Tt e Pt e e My oo i
PO R R T R R Tl R et e e e S P i Mt
W ok A b S b b b A B T P Pty Mo i iy (e ity i M i

e i N N N g i U

" m = m m ® = m EEEEEEEE®E
e i e P U i P T P Moo it

E I

ok bk d ke d g

oo

ook & bk kb ko kodr
bk ko kb ok

a

L
*ﬂi-ﬁ“t-ﬁi-ﬁ

x
Pl

o

A

Jr:q-:ar*ar"

XN NE
v
r
¥
¥
v
¥
¥
¥
¥
¥
v
¥
¥
¥
¥
¥
v
¥
¥
¥
¥
¥
v
¥
¥
¥
¥
¥
v
¥
¥
¥
¥
¥
v
¥
¥
¥
¥
L)
v
¥
¥
¥
1]
v
v
¥
¥
¥
¥
¥
v
¥
¥
¥
¥
¥
v
¥
¥
¥
¥
¥
v
¥
¥
¥

I e I e I e I e e e N N I N R e N N I I N R I e e I I I Il g i arodr dr dr d i

F

| dr a e e dp de U de U dp dp dy e b de de b e b by
A o el el )
P R el e el el e et el e e e e

o 3 o o & o o & o o & o o & o >
.T.'. .T.T.T .T.'..T .T.'..T .T.r..T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T .T.'..T .T.'..T .T.T.T .T.'..T

i

X XX

PN

i A dr e A de e A de e A de de A de de de de de de de de de de de de de dr i

. |
L]

T e A T N D D T N D D N N DE PPN N 2 P

F3
X
¥

g Y

i
¥
F3
¥
Fy
¥
F3
¥
F3

L
P
E N )
X KK
EE o
X X KK
XXX,
X XK
s
X XX

[

i

[}

i a ar  a ar  a a a a ar

Jr e dr d ke g d ok
....................._..........H...H...”...H...H...”.qu.....................
S0 a0 E ST 3E S 0 0 SE N SE S0 S A a0 ol

F
¥
F
F

)

o

Fy
E N N o
-
O
Fy
Fy

XX

Fy
R a3
L S )

i e x ae a Te

ax
T

i
¥
¥

NN NN N
.

Ty

N

g )
L

¥
L)
X ¥
L)

L]
.

L I ) rodr oo - dr o A E e E e

. GAJBA Bull-ut

RANAKENN KNI R KNI RN NN KRN
e e iy iy iyl

o OES

- JeyIs/iawiwey

¥
¥
o I I ar -
" % i . o ” ” H ”....”.-..H....”....”.-..H....”....”.-..H....”....”.-..H....”....”.-..H....”....”.-..H....”....”.-..H....”....”.-..H....”#”#H#”#”#H#”#”#H#”#”#H#” ” H ” ” i - ...l..-..H....”....”.-..H....”....”.-..H....”....”.-..H#”#”#H#”#”#H#”#”#H#”#”# a8
: i dr e de dp e e arE Wiy p e dp e e 0 e e e 0 e e e 0 i e iy dr e dp e dp e e e e dp e e e dr ol e d I dr ik a
> dy iy iy g i i e iy W i Ty iy i iy i iyl e iy e iy iy il i e iyl oy iyl
M * r
¥ ar iy i ...H...H...H...H...H...H...H...H...H.._ ....H...H...H....H...H...H....H...H...H&H&H#H&H&H#H&H&H#H&H&H# dr iy i ...H....H...H..........H...H...H....H...H#H&H&”#H&H&H#H&H&H#Hﬂ& O N . ...“...“.._.“...“...“.._.“...“...“....“...“...“....“...“...“....“...“...“&“&H#H&H&H#w&...&.”.#n...”&“ﬁ.
¥ ARk e eyl e e - Iy dr e ey il iy ey e ey e eyl e ey ey e dp iy ey el e e e e e b e dp iy dp ey e e e el e ey e e e e ey el ey e e e bk add
: o d ke ddr ko L N N drdpdr e e e e e e e e d e b g ek e d o ¥ d ko
> a iy e iy dy iyl iyl i i ey eyl iyl i i ey dy iy iyl iy ey ey e iyl i e e e eyl iy el i ey iy e ey il i e iy v
: ap iy e e i bk w o dr dr e dp e dr dp e g dpodp dr e e dr Jr e dr e iy dp e e e dp e dr e ode g i e e dr i dr ik = e iy dp e e e dr ke Xk ok dr k.
¥ d iy dp iyl e i Lk kel ks e k) iy iy e iy e i ey i e B s o d
v e e e e e s - ap e e e e ey e e e e ey ey e P dr dp dp dp e dp e d e . B )
SN Ay ey ey e e ey i ey ey e ey i ey e ey e e kel A iy i ey e e el e el ey e e el ey e ke I dr dr e el i ey iy b i d A
A __..._.._,.....q........q.q.._.._,..._........_,.....q.q....._..q...._,.H....q._,.....q.._........q...._,..q......._,.....q........q.q...._,............_,.....q.q.......q........_.....q._,....&.........&......L...........f..r&....q.....r...... Lo e k....q.q...._,......r......f......&......&............&.....r&“.p._ S
© g ) N Jro b d ke A e e e de e e e de ke e e e g g ke b d e e de ek da ko B N
r N N e N N N N e )
: rdp Uy dp iy g g e e ey e O ey e ey ey e e ey e ey e e e e e dp e eyl e iy dp ey iy g ey ey e gy iy dp Ty iy g e gy e 0 e ey 0 dp e n e e g ey iy e iy g e e ey e ey
¥ W ey i ey i e e e ey e e ey i ey e ey e ey il iy e ey e e e eyl e e e ey e i ey el e el e e e e ey e e el e e e ey e ey il e e e e e e e e i e e e e e e e e i ey i e
M &
» H...Hi.H.__.H__.H...H....HlHl - ...HtH.._.H._.H...H.nHlH__.H...Hs.HlH.._.H...H#H.nHlH...H....H._.HlH__.H...H#H.__.HlH...H._..Hi.HiH._.H...HtH.__.H__.H...H.nHlHEH...H#HtH.IH._.H}H#HlHIH:H& - H#H.nHlH...H....H._.HlH..H...Hi.H...H..H...H._..H&HlH._.H# H.__.H...H...H..__.HlH__.H...Hs.HlH.__.H...H#H..__.HlH...H....H&HlH__.r...H#H.._.HlH...H._qH&HlH...H...HtH.._.Hl...&H&H...H...H&H...H&H...H...H&H&.._
e i e iy i iy e e iy e ey e il i iyl e e e e ey e e iy il e e e e ey e e e iy il i e e e iy e e e iyl i e il i e e e ey e e i iy il e i e e ey e e iy il e e e e iy e e iy el i e il e iy e e ey e iyl i ey e e ey e e iy
: N ¥ e N
o et e ke ke i e i i e e e i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ”z“.n...#.._..._....#....q.._..,_.....q...._,..._..._.....q....q.._..._......q...#.._........._,.....q.._..,_.....q...._,..._..._....#....-.........L...................L.......r..#...........
F F Wy dp e dp e ey iy e e dp e dp oy oy e i el s s s e i ir F dr e dp e ey iy i e e e dp dp oy dp e e e e e dp dp dp
N e e e  a a  a a  a a  a  , dr de dr Uy a0 0 A e e
iy dp ey iy iy g e e ey e e e e e e PP P AP E v e e e e e e e e e e e e iy dp ey g e e e i .
R e e kN ek kg dp iy e ey e e e il i e e ey e N ok Nk k) L e e e e A N
modrd dr b drodr ko dr de dr dr o dr 0r o dr Oroa x e drde dr b A .r.....v.r.r.....t.r.v.....r .._......._..._..._......._..............._......._.1.#}....}.#}.#}....}.#}.#}....}....}.#}.#}.# ;i .r.r.v.....r.r.t.....v.r.r.._..r.r PN ......1.r.r.._..r.r..1.....r.r..1......1.r.r......1.r..1.....r.r.r.....v.r.r.....t.r.v.....r.r.r.....v.r.r....t.rk....r | .........._......._......._......._..._. .........}....}....}....}....}................}....}..-
Ve e e e e e e e e e e N N ey TR e e L R A
I I I R N L L S U L U S A g L U N .r.r.r.....r.r.r.-...r.r.r.....r.r.r.....r .........-...........-...........-...........-..#}.#}.#}.#}.#}.#}.#}.#}.#}.#}.#}.#}. I .r.r.r.....r.r.r.-...r.r.r.....r.r P P T N, .....r.r.r.-...r.r.r.....r.r.r.....r.r.r.-...r.r.r.....r.r.r.....r .........-...........-...........-..}..i}.#}.#}.#}.#}.#}.#}.#}.#}.#}.#}.b
N e e el e e g g e a e a  a a Naa T ™, S o N B e e e e e R T N
" a2 m a2 2 a ad i i ddddod il dod il dd bodiddd il ldiddididkldli .r.._..r.r.r.....r.r.r.....r.r.r.....r .........._......._......._......._..._..._.J.#####J.#####}.#####}.##### I’ odr b b b b P N N NN .....r.r.r.....r.r.r.....r.r.r.....r.r.r.....r.r.r.....r.r.r.._..r ”.._..._..._..._..._......._.....##.ﬂ######}.#####}.#####}.##b
A e e e e ey dp ey e 0 e ey dp i e e ke e e ke e i N
Ea et dp i dp e iy e e iyl i iy J de U ek de e b de g e by de U e b de U e dp de dp e bl Jroie iy dr dp e iy e e e e de iy e e i
..1.._.r.__.._..._...1.._.r.T.r..1..1..1..1..1..1..1.T.r._lll.................................................... d b de Ok dr X Jrode drode drode dr o dr dr o dr 0 dr | ey dr dr dr B e dp e e dp b dr ek kA
ER v e g a iy e iyl iy ar e e e e . e e
> 3 JiF .r.r.r.—.11.r.r.rrr.r.r.fll....}....}.b.}....}....}.b.}....}....}.#r b dene bbb dr b .r.r.r.r.r.r.r.r.r.r.r.r.r.r............_.......-l............_..................._..._..-
. L S r-._,..._....k....q......&............#..r...#&.....rﬂ......&...... iy i e T e A N e et - .............q......&......f.....r.r&.....r....q... o
e .1k.rk.qt.r.,_..rr._1#.r.fn........q.q.._.._,...q........_,..__.*&...*&...........*.....r........r......ﬂ....k... e e T R T R T R N e N N NN N N A
e e A o rttt.r#.rt.ru..kt.rt-#.__....k...k.q.__.&.,.............&.,.......&.....k...k&......ﬂ..q...# RN i, e e e e e U e e e U e e e e e e e e e e e e e e e el e e e e e e e e e e A
¥ E N e ) o s ks e e e N e s L)
I & O L e A Y U U Ul Jrdp Jr dp Jp dp Jr dp Jp dp Jr dp O dp Jr dp Jr o dp 0 O b 0 L L U e N U o L L U U Jrodr g i X Jrodr Jr dp Jp dr 0 i ir &
¥ d ko kT ay d  a k rt.._.u...tkt...t.._.tkttl......................................................... ¥ J e e e e N N N N e N W)
dodrodr O 0 e dr b b & b K rodrode drode deodr b odr B 0 0r o 0r O ######################ﬁ? drododr &b M drdr e dr e dr O de o e 0 0 .#####f&.########{.‘.b
E e g R e ) a iy gy iyl i i e ey e e e e e e e . el
kol ol bl i h kN P S i S S U e T el Jp dp dp dp dp dp Jp dp Jp dp dp dp Jp dp Jp e Jdp dp Jr dp Jp dp b ue o bk drdr bl de de dede dede Jeode Jeode ) 0o ki X ....._........._........._....J-..._
Eat et e L e e sk kel e e N e T e al aa )
N N e e e PR N N I U i ######################‘? dr de e de dr de g de de de de de de O dr dp e e M dp dp 0 A dr dro e dr oA dr
¥ bk N e e e eyl ey el e i N e e N
"2 a a ma s aa aaak Jrode Joodrom oa drodr de dr e de drode drodr dr e dr 0 Jp dp Jdp dp Jdp e e e Jdr i dp dp dp dp Jdp e Jp dr dr i i drdr b dr de de dede b de drde deode ) dr i dr i X Jp dp Jdp e Jdp dp Jdr i Jdp e
e e e dp iy p iy dp e iy e i i e i e e e e e
I N R T R T T R U U I I R D N R R U R TR S R T S R U © r & b ir i i k kK k kK kK b kK kK ik Kk Jr i .T.T.T.T.T.T.T.T.T.T.T.T.T..Tb..r.b.b..f.b.b.b.b.b.b.b.b.b.b..r
e e e e ) e e N D AT N D AT N 2 N et e T T R N N N et N N et N P et - B e AL B N D N AL D N D S
N e dp iy e ey e e e el e ey e P Sl S U S g b b g R L My ey e i i Pia i Pl
R N N N N L N N e ) o e e N N N T e  a T a  a
b d b de s m s dedd drh dd i i d i h b ddhd i i il ikl Jp dp dp dp dp dp Jr dp Jp dp dp dp Jp dp Jp e Jdp dp dp X i Jrd b de b de b de dode doode Jrode Jrde Jedr de dr dr de dede e de Jrde Jeode deodr e dr f Jr e dr ey O e i dpodp drodp Jrodp b y
N dr i b i b Sk b ik  dr k y d dr k k ko ar k k bk ko k) NN N NN N NN N NN NN NN NN f U kb b bk kU dr k kU kb kg kA .....q._,......_,.....#....#...a“.....r...h.....ﬂ..........#..r..rﬂ...r .n.
0 gl e e e e e e e e e e T A e e
PO AN N N D LM N N D L N N N D LN N N D DL NN D P NN D P N N D PN N D PN N 2 PP N D E A D D e L DN N D DN N D D N D DI T D D PE D N D P .,
O S A Pt e R e Pt el el e e ! L N ) L Jrodp g ke by g e e dpodr e e dr kb e e drodr b b dr  k d gk b b g kode B g ko do ko ko ko kk
A N N o ot N o A N o St N N St N ) LR A LALLM N N AN i iy ey e iy il i i e e A NN A NN A N A NN N 2 S B L LALLM N &
A R R R R o e e e e e e e e e e e e b e b b e e e e .1—
At o ol  at  a l ak ] : o v e e e e ey e e e dp e e dp e ap e e de e W i e e e e e e e e e e e e e ]
A R R R R LR R R .kéulﬁhrtk R R A A A A A A A o .._..qk...*.q.,_..qu.....*.q....q#......n...f...ﬂ...&#...ﬂ#f......&t..._” P T *
by dr )yl e e e iy e e ey iy ey e ey e ey e e ey e e e e e b S e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e |
”..T.' .-..T ol r ol r F ol r F ol r F ol r F ol r F ol r F ..T ; r ; F ..T ; r ; F ..T ; r ; F ..T ; r ; F ..T ; r ; F F ol r .-..T.' .'.T.-. .'.T.' .-..T.' .'.T.-. .'.T.' .-..T.' .'.T.-. .'.T.' .-..T.' .'.T.-. .'.T.' .-..T.' .'.T.-. .'.T.' .-.”..'...'”..-... b.l.b-l....l-b.l.b-l..' J
” .T”.T .TH.T .TH.T .T”.TH.TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .T.T.T .T.T.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH b l.}.b-}.l.}-b.}.l-}..r .ﬁ
” H.T .TH.T .T”.T .TH.T o .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T .TH.T .TH.T .T”.T h b.l.b.l..'.l.b.l.b.l..r .-.
i e e e Pt e e e e P e e e e Pt P e e i e e e Mot e _._...................._..................__
b e e i e e e i e e e i e e e i R e ey e i ke ey e R ke e e N R ey e R R e e R R e e i R e e i i e e i ke R ke e ik R e e i Rk e e e i Rk e e e ke R e e e i R e e e i e ke e i i e b ..-__.
&
..H&H#H...H&“.,..._.ﬂ..._.ﬂ....&H#H...H&H......,...r...,...r....&H#H...H&H»..._.ﬂ........,...kH#H...H&Ht...,........,..._...rH#H H H R B NN M M A DE SO M N N AT NN B 0 SE 0N D e SE S I NN N AL E N SN ...rH.qH...H&H#”.,...r...,...r...'”..qu...n&”#“._.ﬂ........,.....”.qH#H&H#H#H&H#H#H&H#H#H&Hﬁ n
LA LA Xodr d Ak X dr A X d d L iy i i i i L )
- * & &
T T " s P I Tde e i T Tu L

.
h o L} ol od d oM od d M od b Mo d A “m>_m0®_
"



D4 9Ol

US 8,578,921 B2

I . .
a A o F . -
.T.T.:..T”.T.T.T”.Tb..'.'l x - E.‘.
- P . .
l.T.T .T.T.T .T.T.T .T.T.T .T.T.T £ >
Fl

" ‘o

P Ny
.. e :
e I g [ Sl g Sl St Sy S bR by -
. !.....4............._............................_....................4............._........&i&#g.r&ktk.rk.rkt&tﬁrktkk# L e e L - B - .h.
. L T L T L A o T i i T e T e Py . . .. .. -

i

W

R N Lt s e sl sl el ey NN N NN NN NN N NN
i

I
i

e T R LN N N SN M e N N N T Nl e
i

. i e e e e e e e :
e e i i e e e
; d i e e e e e e e
- e e )
e ) ;
F O
O e Pt

ol
J...VFH T

i "
Pt .4....._-_!##&“4#4&

. u
J i iy e e e e e i
N L I L I o
R e o
N o L N A e o o A R R
R N L T T A  al e
e e i i i i e e K F o
ettt ..1.._,.#;&##k#k&##&#;ﬁk#&#k&....qﬂl.” I N o o

r

Sheet 12 of 24

e g o el ey e o rTa e
PN RN N 2o M M 2 e M M A A A M N A Xl LT NCRE RN At P A e . X i m a .
mor m e e w o w ey e g e e e dp e dr dp g g dp dp e dr de e o W koar mr mor o [ e e e S S S S Sl Sl S dr g e dp ke d b g g de kA o S S S
e e e n e m L e o L A P Bl & o d a dp d d de ke d g r iy iy e e i dr de ra d ko doa
B R A N e s i e e e de e e A e A e A e U e Sy iy i dp e dr e p e dp e e e ] i e
R I N o a  a L ke ke ke kb kA d A kA b ke & i e b ey e de b dr dr e dp X . . P S S .
rer e e om K dr i W dp dp dp e dpdpp i dp e e dr dpp i dr e e de i e dr dr dr dr e e de b i A g dr dr dr o dr B dr e e dr g A dr e e ke e d dr dr dp b a d d A dr ke bk ke ke A A
m e wa L e e e a a  a e B dr & d e d ke b A dp e dr e dp e dp e dr e dr ke iy i ey i dr iy dp dp g e dp e de e dr i ) . e d e dr b U d ke de dpdre . .
P e e o NNl S e e e i . ’ e e
- .__.-_.r.-..-_ o dr Jr Jr ok Jrodr A Jr Jr dp b o dr b o dr Jr dr dr s ..-..r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r .r.$####. o f - - .-..r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.i.r
" .....-..a..-......-_.-_l 4 .r”.r .r”.r .r”.r .r”.r .r”.r .r”.r .r”.r .r.....r.....r”.r .r”.r .r”.r .r”.r .r”.r.....r”.r.....r.r.r > ] [ .r”.r”....”.r .r”.r .r”.r .r”.r .r”.r .r”.r”.........r.....r”.r .r”.ri.l.ri
BT Syt H.r .rH.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r.....r”.r .rH.r .r”.r .rH.r .rH.r .rH.r .rH.r .rH.r v s rH.r.r.rH.r .r”.r .rH.r .rH.r » .-.”.r.....r it .r”.r .rH.rn.r..t.._ “a
e ..1”..1 .r”.r .rH.r ..1”..1 .r”.t .r”.r ..1”..1 .r”.t .rH.r .rH.r .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t PR ..1”..1 .r”.t .rH.r ..1”..1 L e .r”.t .rH.r ..1”..1 .r”.t i .r...r.n.r. :
s ._..............._...-.._......._.. > .rH.r .rH.r .r”.r .rH.r .rH.r .rH.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r > - .__......... .__......r .rH.r .r”.r .rH.r.....__ ) . .....rH.r .rH.r .r”.r .rH.r .rH.r.....rH.r.....rH.r .r“.r|.__. Lo
-1-#}.1.4}.441.}.}.}. .r”.r.r.r”.r .rH.r .r”.r .r”.r .r”.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .rH.r .rH.r .r”.r .r”.r __.....l.....l..-..l............ it .r”.r .r.r.rl.._ " .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r....rH.r.__ .Pi y
T g iy o .r.r.....r”.t w .rH.r .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.r .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r e I I R T T g e e .r.v\u.r.r.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r.”,\ n.r : T
BT e .rH.r.r.rH.._ .rH.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .rH.r .rH.r .rH.r .r” o) T e P e P i P it .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r P ..r.....r.r.r.rn.r .
iy it gty .rH.r ..1”..1 iyt .r”.r ..1”..1 .r”.t .rH.r .r”.r .r”.t .r....r.r.tn.r .r”.t s ..1”..1 iy ol .-..r....-..-..._.”.._..._..._.###k##&##&##&##k##&#&k## iy .r”.t s ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r Pl .r.r. i .r”.t .rH.r ..1”..1 .r”.t .r.rn.
IERENE U 2o M M M e e W R R N A N L e X A TR
AN o L ) A N . X a W e iy e iy iyl iy iy i i iy e e ey dr dp dp e dp e dp de e dp de dr e W WM e dp de e dp de e e dp de dp e b de o A e w a
moaor om o drdpdpdpdp e S dp dp dp dp e o e Jrode de drde dede de de dr de dr dr de ol ar iy e dp e e dp e e O Jdp dp dp dp dp dp dp e o o e dp dp dp de dr de dr dr e dr dr dr dr dr dr dp dp e Jr e de dr dr dr drde Jrode Jede e dr dr dr dr de Or 0r A
R g i e i e b e d dr e bk b de kb b d i fF Y X dr bk ke d de ke b ke kA dp A dr iy e ey el iy e i e e e ety bl e dr dr dp dr b e g ey e de b b d e de e b de g e b de dp b b de b e b de oy a .
momow e A e A W ar i i ur ar i e e i X ade dr dr e e ke e ke dr ke d ke ke ke A A dr A b W dr i i e e e dp dp dp ip i e e e dr ip i 0 e e e e e e e g de dr B e e e e drde dr de e e e e e de de de dr e ke b ke de b b -
RN e e C Xy i E e s W i M p i dr ey Vi p e e W e i i iy e dr p dr dp e dp dr dp e i e dp e dp e dp e dr e i e dp e U e de dp de o g dp de b de droa
RN R R N R e e T R o I O T e e oo, I I e e N
--------..l..rl.....l 1--.;.#}.}.}.#4}.4#44}.}.}.}.}.#}!4#}.#}. 4}.4}.444}.}.}.4}.}.###}.#}. ul P e e e e e P i P P P P e e P P L. dp dp oy e e Jdp e e e dp oy e e dp e e e e e e i i de de de dr dr e i Jdp g dp dp dr B de dr o de dede dede dede dr o de drode de dr Je dr de de Jr de dr s
R e e e m e ke P o e dr dr i e 0l i . d d ke dromoa om ke de dp e g b e A g de b e dp de dp e dp ke dr de dp b b de g e b de de de dp de b e b d dr b dp de dp e dp dr L e R e e e e e e e e e e e e e e e e e e u x a  a e e e a e o e e e i e e W e i e e e
LT T L T i Mo o Py o % a e e ary T ittt e Pl PR, #.ltml"a“ﬁ.._......._......._......._......._......._......._......._......._......._......._......._......._......._......._......._.._._._........_......r.....r.....r......_......._......._......._......._......._......._......._......._......._......r.....r.....r.....r.....r.....r.r.r.....r.r.r.....r.r.r....r.r.r....r.r.r....r.r.r....r.r.r....r.r.r....
1.-.1...1.-...”....._u.._1- r o T i e ey e e e ....._.....f"l.l.ta. o .r.._.r.r.r.r.r.r.r.r.r.r.._.r.r.._.rn.n._.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.... PO N RN X N e N e e e N e N
SR R N RN RN RE AL N e P A P I B RN N L RN . e A e e e e e e e e T N N L A NN L D R i T FE N N A 0 D N S AL B N N e S Nt N et Mt R N
P T T R S S Y L N L N ; o e gt S e e O 0 o S S o o o S o o S o S S S g g x X h B ik d d d ke b W dr iy e e iy oy el e 0 i e e e ey ey i e e e iy e ey oy e dr b e g ke A g U o .
L. rm RN U ar dr e e dp dpdr e N § i A A dr dr e e b ke de dr dr B oa mom om B e A dr dr e e e de e A de drde e b ke A de d dr dr e de e W g e de e e e W e e dp e dp dp dp ip e b e e dp e dr ipdp it e dp e dp dr dp ip il e e dp e dr ip dp e e e de e e b ke e de dr dr A
. e L 2 a a g e dp d dr e U e de dpoar Ak am om ke de b de dp de b de b de o de b de ke de U dp wp g e dr e dr e ML i ur iy iy it ey Vi dp e dr dp 0t dr e dr e ey e e i p e p vl dp r g e dp e dp e dp e dr A e deoa .
. r e A e e dr e de e WA e e de e e dp e W e e e e de e e e kam m o el e e el e e de e e e de e e de gl e e I e L I R S e a S S S Sy S
. . O O a3 e d dp dp e d ke e dr e m a a e e dp ke e g e de dp de e dp e e dp O dr By e M e dr it g b i iy i e i iy e ey iy i iy iy i iy e iy iy iyl i iyl ey de dr e e dp e de b A a4 s
dp dp dp dp dp dp e dp A A dp r b oma m w ol ddd dede e do do dr b b romomom deod deode dode dede dede e de e dr Be o dr Jp o e ol e BN dp W A & dr iy iy ol el e e e e e Jdp e dp e e e b e e dp e dp e dp dp JF e i e dp oy dp dp dp dp dp dr de e e dr dr dr dr B de Jr dp de dr be oo
Wk d g e e de dp e de bk Aoy a w e de dp e de g e b ke e e dp de e dp L e e e e g o g g g O L I B I O e g S e e g g R St Sy R
ap e dp e e W A dr ark dr b b b oa m ko arm o a w ke dede drdr dr e dede b ar A oa am e b ke A de dr de de e e ke A e A0 P e e e e N A g a a a E a  a
ol W dr dr g e b e a a k de droa woam hode e dp dp e e o dr e b de e 0 e dp b de ke de e dp dr e dp de dr e i i e dr p dpie ey e e b i W o ur i dr i r oy i iy i iy iy i p i i i e i e de p e p de dp e dp e e gl dp dp d dr A e g b - .
W g g dr dp e e e i b g 0 o o S S S A e e e O S S S e T O O e e i S Sl S S S S S Sy S e Sl S S S W Rl el b de O Bl de e b de e dr dr dr dr o ip e dr e b e iy dp dp i d e dp e dp de dp ip e e e dp e dr dp dp i g e g e e e ke e b de de O e de de b b de b ke b ke
L L o A s [} W i k4 Ay de b doaa n T h A e e dp de e A ke de g e de dp de dp d e & de 0 d de A e d e dpie W de e dp Wt iy i i e i O i it e ety el iy i i e e e iy iy ey iy il iy e il e g ey e dp de dp dp dp i de ey de de e e dp e dpoa
e  a e o I R R o I I o o I I vl N e T e et M iy
L ....}..-..l..... P e i e i e P B i i e e i P
e Vi i e i P 2 e dr d N e dr e U e e dp de dp de dp de dp ey de dp de il p de g e e Jr e dp e dr o drdp e ik i i Vi p e e O e e i e ur Vir iy i iy iy i iy i e i p e dp e e dp dp e dp e ur dr
o dr g W i ir e 2T e e e de e e e de e e de e e e g de e e e de e de e e e de e e e e de e W dr e dp dp dr e dp ot e e e iy d i e i o R o i E E E a )
ww ¥ noa A de d e d ke e Ay de U e dp de dp e e dp e dp de e dp dp dp e dp B dp dp de e ey e iy dr i o i e iy A L O o B o o L o L )
ardr Pl Py D n R Bk e e de e g e e A e e e e e e et a e e de e de e de e e A tp e dr o drdp dr e e iy i W e e e iy i dp ey i dp e i dr e dr e e de oy e W
L Jro b U b b U b b i L RN N R N N N N L R N BN N N N N dp e dp dr e Jp e dp & dr & & & & .Tb..rb.v. e dp dr dr dp dr dp dp dr e dp dr dr dp dr e dp oy A dp e A b
ar dr e dp W o A dr dr i d dr dr drdr d e b de b ar b drom m om omom B A A drdr e e e e e e dre dr e el ey dede dr de e e e e e de de e dp e dr dr e dr dp e e il a d dr dr dr W e dp dp e dr dr dp e dp e e iy b Wl de dr 0
L) W i A de b dr dp ke dp dr Jp doma am o k de e de e e e de e Ur e oy dr B e de de dp de p de dp de Jp de dp deup dr ip e iy i p e ur i i e i e a0 A i e s
- i i ar b i K i d ke ke de b de b deom aoa moa m e e de ke e e e e e g g d g e e g e A e e e de e e dr e drdp dr e dr oy e de e e e e e dp IS ar dr e dr e i dr dr dp i g
A . LS ™ X d dr dr e d dr dp e de e o mm ma m ol e de e dp de dp e dp de e dp de e dp e dp e dp e gty iyl i iy il i iy i e iy e dr dp e e X a i ur iy e i iy i iy
- . & o dp ol dp e e el [ W dp i dr b de Jede Jede Jeode Jrodrom o m o mom o mom hod drde br0d deode dr o dede dede drde de de dr e dr de dr Sr dp dp dp dp dp dp dp dr O dp e U drdr dr b A de Al drde dr b dp dp dp e dp e e dpdp roa iy dede dp ol e e e vk g g ol e e dr de A e A O
] gy .Ilil.. . =" = EoEoa L e o & dr dr dr o l‘t.b. L L L A N A B N S N PN R R N A I N A S N N S N dp dp dp dp e dp dp e dp dr e dp b..rb..fb.b.b..'. e P dr dp dp dr & m B b ko & L L ] o & g W b b i
.ﬂ- mrrE ek Nl urar i R W dr A drdr e b de A de dedr dr oa momom o m ke A drdr o ar e e e de de de dr e e e e e dr A S dp e dr dp dpdp dp dp dr dp e e ke ke dede dr drd ok dr Ak bk X o N e e e ) W dd d dr dr
¥ LI R e w ek aw w T m e ek m ww e W o Wk dp dr Jp e dr dr dp e g e dr hoa o moa w o de ol ey de dp de dp de dp de dp de dp de iy i dp e r i i iy i i i dr e i e dp e U e Pl e el w W iy Vi iy i e W i e aar
. - i N NN ) W e o dp dp iy ip ip i e i Wi dr b d i bk b b b de e om omom o m i de dedr e b de b de de de dr e e M B g dr dp dp i dr d de A Ak bk ke ke e O ke b O e dr dr dp dr dp dp d dp b dp dp dp e Ak ke ke de
i T re rae st a i i ) P N N N LR e e e e e .._..._..._..._..._..._..._..._..._..._..._.”t e e ) N N . P ] A N A N oy .
som " a ko i up i i Wi dp e oyl e e o e dp e b e N ) W o M dp drdr drde e de dr dr dr Jr Br Jr om omomom hode drode Jrode de de dr de O dr Or dp dp dp dp e dp e dp e dp dp dp S e dr drde dr o de dr A i drde brode d > Jrde drde de de dr Or e de B dp dp dp e Jdp e dp dp dp dp dp e e e > a
i P o n iy p e e W i i J dr de Jr Jr dp de Jr dr dp de Jp droa m woa de de dr dp dp dp dp e dp dr Jr SRt dr dr iy iy i dp e iyl i e B b de d e b de dp dr b i bk de dr M X d e g bk ek d r it i i i iy i i i e i X b Xk
" e Pt i e el ...Il...ﬂ_............................_._.._-_._._ e T N e e e M ol ! W N, o
" s e a ki ar AL NN Ao e e e e e e e e e e e e e e o e e e e e e e e e e e e e e e e e e e e e e e ] W dr W e e i de i gk g ke v
- x l.....l..... i .-."l..l”&l L ....-.. st .rH.r .r”.r .r”.r .r.;..rn.r“t-i.__- ._.;..r.__.r.r #l.#l.#l.#l.#l.#}.#}.#}.#}.#}.#}.# L .rH.r .r”.r .r”.r Plate .rH.r .r”.r .r”.r it H.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r.r.r....r > xr l.#lli}.l.b.l.}.l.}.l.}.}.}.l.}.}. it R N i .r”.r .r”.r.__
& T PRI e N Nt N N IR A e N e N AL NN e R N e ) R R e N e N N e Nt NN N A, LA N AL AL LM AL N N NN
aw o ar i iy g Vi iy i ir i iy e e e i ek i de e dp e e By dr de dpdr ke My il dr e dr e g d dr e U e dp b dr A g e dp de dr de dp de dp de ar i P
ram LA x LN M A AL NN MM DAL SN N X T o N N A Mo R LAt LAl M AL N N LN
et l..l.;..-...;..r....r.r l.l.l.....l..-...... l_l.l..-..l.....l. .I.I.-.ill.#l.#l.#l.#}.#}.#}.#}.#}.#}.#}.#}. Pty N i e, A ke de dede drode 0 i i e e Pt P Mt i M P M %, Wp dp B e dp e O A de
ra g}kkttkg&&#l i W i ir i i iy e e ey i i e dr b de ) e b de 0 o ko d d ek d d W > dp de Jr dr d de Jr de dp de p d dp de Jp dr dp de Jr de Jp de Jp 0 dp de 4 e dp de L
r & Yo apap i X .III . .-_.-.ll}.#}.#}.#}.#}.#}.#}.#.r.r#.r##.r# .r.....-...r.....r.r.r.-...r.r.r.....r.r.r.....r o .r.....r.r.r.-...r.r.r.....r.-...r.....r.... N .r.....r.r.r.-...r.r.r.....r.r.r.....r.r.r.-...r.r.r.....r.r.r.....r.r.r.-...r.r.r.....r.r.r.....r.r.r.-...r.r.r.....r.r.r.....r.r.r.-...r.r.r.....r.r.r.....r .-..-_.-...-.....l..........-...........-...r.r.r.....r.-...r..
.r............-.”.r.r.r.r WO > e e e e e e e e e e e e e e e e e e o e e e e e e e e e e e e e e T e e e e e e W e e bk e
L_......-...-..-_.r o .rH.r roa v ........ .........r > .r."-..ﬁl.#}.l.}. * 4#1.#1.#}.#}.#}.#}.#}.#}.&”? .rH.r ™ .r”.r .rH.r.-...rH.r .r”.r i H.r .rH.r .r”.r .r”.r iy .r.r.._. o .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.rH "I_l At .........-...r.....r”.__
e .........-.”.r.....r”.r.._..tn.r .r”.t.....r”.r”.r » ey .r.....r.r.r ALK o a e ..1”..1..1..1......1 H.r ..1”..1 ...”..1 .rH.r ..1“" iyl ..1”..1 .r”.t .rH.r ..1”..1 .r.r.... ......1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 w M s .r“
l.-..”l"l iyl ity P et ot .-..._.-.H.r v bl.rl.-. i et N e ey .r.t.r.....r gt .rH.r gt .r.._..ln. .r”.r .rH.r .rH.r .r”.r * .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r e ettt .-..-_h.-..r”.-......._......r
Y e i R .rH.r ..1”..1..1..1”..1 i .._..rt.r.r A .... w i w .rH.r iyfs iy Y .r”.t .rH.r .t....r.r.r....... .r.r.r F .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r a .._................-..-................_........-_.-......._.H.r ..1”..1 .r.....t.-_.-......r.._
. 1.n”...._.............._......._. o .r”.r > .r.._..r.._.........-.”.r.r.r.....r.r.r > ¥ i e i a e .J......I. .r.r.._..rH.r .rH.r .r”.r.._..r.r.r.... s .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r ...........-......_........._........._........-_.-.H.r .r”.r .rH.r.....r.._lH.r
e 1|.-...._......-...........-...........4....”.-..-.r .-..”Ib...... . .r.-...r....l....tj..r o .r”.r .rH.r Faf il o r ........ i ar .r”.r Figss .rH.r .r”.r .ti_..r.... " .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r Fipf il J.#J.}.J.b.}.#}.#}.#}.#.-_l.t.r”r .r”.r .r”.r.._.l i
oA ICRCNE MR X M ML CEIL RN % .._.t."l....r.._..r....r....r .rH.r .r”.._....r........._..__.”.r .rH”.?H.IHuT&.. w T .r....r.._..rn.r .rH.r .r.._.... T .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.r .rH.rH.r.._..r ....._......_......_......_..._..._......_.........._t.r.r .rH.r .rH.r Ppih
: R e T - uI.....!.............1 it .r.............-.”.r .rH.r .rH.r .r”.r * T it P i P o .F x .rH.r.r.rH.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .r .r.......-............................................ri....r.r”.r .rH.r .r”.r.....-.”.r...
) e -1--1”}.1.}.1.1.4....”..1}.1 " r .-.I.-..EI.;..I".-...........I.&.& .r”.r .r”.r .rH.r .r”.r.;..r ™ .-.Il.llT..l“..-..-..rl..rb..rb. ....I. i .I.'-.. Ly .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r.;..r... l.l.}.l.}.}....}.}.l.#}.}.”#l? > .r”.r .rH.r .r.;.l !
: " .”.1.- .”.t”.r”.._ e i i .rH.r ..1”..1 .r”.t ipl et i i e .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t .rH.r ..1”..1 .r”.t P inl e i ....-_..1......1”..1 ..1”..1 et
T e e T e e e i S N . .....r.._..rH.r gt .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r .r”.r .rH.r .rH.r.....r ....-....................._......_......._.....r............rn.r .r”.r .rH.r.....r.._..-..._..r“
"t i ke dr M d .r”.r.;......r.-..r.r”.r - Jodrde drodede b dpr i ¥ iy .-...;..r....r....r .r”.r it .r”.r .r”.r it .r”.r .r”.r .rH.r .r”.r .r”.r .rH.r .r”.r Piasinit }.4}.}.#}.#}.#}.#}.?#?#4”&??”& .r”.r .r”.r.rl..;..r
) 1--|.”|.”- x ot x x .........-.. .-..r.....r.-...r.....-..”.r ?”.r.....r”.r .r”.r .r.....r.....r”.r .r”.r .r”.r .r”.r .r”.r .r”.r .r”.r .r”.r.-...r”.r.... #j.#}.#}.#}.#}.}.}..r##.-.}..r.r.r.r .r”.r .r”.r .r.-_t.....r”
i Lt aTataa O R al R I I A I I T e P Tt s
| P e A N A A A e N N N N e N A A N L N L A N N e N
P or R ok & .lll.l..-_.....-...........-...r.r.r.....r.r.r.r.r.r.r.r.r.r.r.r.r.r.r.r dp g dp dp e dp e e dp de de de dr de dr o dr i dr dr
{ P O i iy e i iy d Jr o dp de Jp e dp de Jp e dp de e e dp de e dgoip  dp dp i b dp de B dr dp b dp de dp e dr e -
. a e Y N e el el e e P P N
i’ e e e e e e e e Pt R Pt
H ........................}..-t.....ﬂ.............ﬂ.a”in.at.. e
i L e o e dp e e dp A e e L e e g o e
. ur e e e i r i e W i i iy i i de A A A N N A i
[ ] }.b.}.b.}.}.b.b.}.b.”l."'}l‘b.}.b.b.b.}. .f.b.}.b.}.}.b.l.b.*?.f.f.r.f.f.r.f.'.r.f.r
F ol A ol
i é&##&##&##&##&##&##&##& ...I...il.#l”...........ﬂ!laf##...&......&#...#...... ol e i e N S
R X dr dr b b d K dr iy i ey iy i o e i e BT L
: R N o L ) C A
] Pl el sl e g, ur Vi iy Vi iy Vi r Vi iy Vi e e i W e o de b dr Wk o de .
.  dde kg i A de e e e AU dr dr e ey i e dr e e iy i iy L A N
1 N A NN N A A A A A il ) N N
. i r dr dpdr e p dr r iy i dr e e dp ek ae
] L S S o S o v S a1 i e e ey e i ar e d b W W g ke i A d
. X W d ke A e e e dp i e d P L ) L S N
1 d k dp A dp e dp g d e dr e d ke de iy i r o i e W ur W i e d .
N et e N S e e S gt
L] w i K o i A b b A e b A M e B S O dp o & Jrodp Jr & dr o o dp dr dr b odp b O b bk
1 e  de b b b b g e b el kA de Wiy dr e e b e eyl i e A g e b ke
- S IO A e e e Nl L A i N
] e e W e e e e e e e e W ey i i i p dear e a0 L
3 e et a  a a a
v " N N Ny X i A ke ke
L JLat e ........;..r.;..r....r.;..r.;......r.-.il. * o .r”.r....r”.-..”.r.r.-. }.....l.....l.-..i.-.”.r .r”.r &
.r.._..r”.._........l....”.r P et .rH.r .r”.r v ......_......._......._.H.r .rH.r .r”.._.._
rE l--i-ql....l.....l..-...;.....l..-. .Ili.l........r....r Pty i i l.....l.....l..r o iait il

A N

Ea

L
i
r

ERCRLNE N NN M N o

..-1.-.11..1__................1.._1..1...-..-.._.....l..... i ..11. > .'-..

¥
F3
Fy
r
r
'r#
L
L
X
r
L}
Ly
-

¥
1
1
1
1

"= omomom k dd o n omomow dod ki dr dp dp e Jp b 0 A 0 O L
r s r e b bk auroar o ke b de b b1
NN ......l....}.............}.}.}.}.}.}.}.}.#}....}....... b k b Kk F
rromoa k Ak omor omoromordedodp o drodp drodp dp g de b e B 0 A
" m om k kh aaomomomomomom omode oy dp drdp o dp i dr A dr A A
r s s b h woraornr o r o ki ik
.- . N N NN B A A M P
r r s mrarasasmrar
E " " x moEEoEEEEEEE ._.....r......_..... ......_......r ¥

S0 M IR 4 s
i
g
N :
4

JoyuS/iamwey

U.S. Patent



US 8,578,921 B2

Sheet 13 of 24

Nov. 12, 2013

U.S. Patent

.
T
u

> o b b
s
™

- - -
s & & & & & & & & & & & & & & & & & & s & S & & S & S S b S E S S b s s A S A s s
A b A b oS S b oS S b oS S b ik i i il i i i il i i A

-
-
L]

LI E I - L] L] A W & h b & o dr b b W b b S b b W b S W b b W b b b b b W b b b b b b b b 0 B L]

*

r & ] - &
r A o R O P o o o o o o o o o o o r bk
e . ] ___ T e e e e e e e e e e e e e N
. .. R R LR R o e o e e e e e o e o e N A Al NN
. ) N N N N N N N R e A A MM R A M NN N N N L aC a3k a3 0 3 3 ) x

x n"nan"n..nan"n"nan“n..n"n__.n"nan"n..n"n__.n"n"n__.n..n"n__.n"nan"a"n"..“n"__."n"a"n"..“n"__."n"a"n"..“n"a"n"a"n"a"n"nanan"n"n:n"
L i i i i

»
e n"n n"n__.n..nan__.n"nan"n..nan"a"n".."n"__."n"a"n"..“n"__."n"a"n"..“n"__."n"a"n"a“n"a"n"a"n"nan"nan r
L i i i i i i e

Xk x
L) 4*.,.;.”&”#”...”&”# .
L )

.r.rl.rl.rl.rl.rl.rl 4 = & 2 & 2 b m & &2 b & k& & & & = §
2 2 2 2 a2 a2 a2 aa
L]

F ]
L ]
&
&
L ]
a
L] L]
A & 2 m 2 a2 =2 a2 & a2 a a

A & &
h b &
a & 2 h = &
h & &
I I I )

FF
FF

h &
& &
i & &
& &
h &

FF

h &
E I
a b a
& &
)

L]
&

X

& & & & & & & & & & & & & & & & & & & b s ks s ks s ks s ks s kb s ks s kb s kb s kS Sk ks A ks Sk ks A ks A kS
a b a h A & b a2 bk & b &k a A & b a2 bk & b &k a a b =m b a2 b a b & b a a b =m b a2 b a b & b a a b &a b a2 b & b & &

L] & & & & b & & b & & b & ks s kS s ES

A & b a2 bk & b &k a A & & &k

& & & & & & & b & & b & ks s A S h b &
- - -

b & & & & & & b b kA oA
I ] -

b & & & & & & b b kA oA
A & & &k -

' -
x
) A
LN AN Y
. .-_.._.l.._..l LI a
' - & Ak Ak a ks k. A ah
Y A h aa A h A h A h
- - - = & - - . - .
2 h 2 h 2 h 2 h 2 h
' - A ah - A . A .
& & & & & & & & & &
. a s aa aaaaa aaaaa aaaaa
& & h & & & & & & L]
) b = = a & = & b = & b = & - .
2k P 2k 2k N
. aa a a . a a . a a . -
& & & & & & & & L]
' A ah A ah A ah A ah »
A h A h A h A h '

& o o o ddir dr Jdr dr Jrodp Jrodp dp dp dp dp i dp dp dp drodp dp e e dp i dp dp e dp e e dp dp e dp dp i dp dp e o dp o dp dp e dp dp e dp e dp dp dr dp dr e
- ' S ot dp i dp dr N dp i dp oy dp o dp o dp oy dp o dp o dp oy dp oy dp o dp dp dp oy dp o dp dp dp oy dp i dp dp dp iy dp i dp dp ey dp dp e dp e iy dr dp dr e iy i
MCRCRERCNCRERERCIERERCN l..-.l..-.l..a.u...-.l..-.u_. N l..-.l.-_l..-_I.-.l..-_l.-_l..-.lll.llil.llll.llll.llil.llllil .-_l.-.l..-_l.-_l..-.l.-_l.II.-.l..-_l.-_l..-.l.-_l..-_I.-.l..-_l.-_l..-.l.-_l..-_I.-.l..-_l.-_l..-.l.-_l.llil.llllilll.llil.lllllll W W W W W W W W W W W W W W W W W W W W W W W W W W W W w W W W e w w w w w w w w w e w w W w w w w w w w w w w w w w w w w w W W W e w w w W W W W W W e w w w W W e w w w W e W w e w w W w W e W e W
. ' - - - - - - .
P A Y N o 3 e e e e e
. - a2 & & & a & oa a . .....-......-......-..-..4.....-..... N l..-..-..-..-..-_l..-..-..-_.-..-.l..-..-..-..-..-_l..-..-..-_.-..-..-..-_.-..-..-..-_.-..-..-..-_.-..-.l..-..-..-..-..-_l..-..-.l.-..-.l..-..-..-..-..-_l..-..-..-_.-..-.l..-..-..-..-..-_l..-..-..-_.-..-..-..-..-..-..-..-_l..-..-.l.-..-.l..-..-..41.14441#444441.444411.44{44.. a4 & & & & & & & & & & B2 & & & & & B2 & & & & & B2 & & & & & B & & & & & B2 & & & 2 & 2 & 2 & 2 & & & & & & & B2 & & & & & B & & & & & A & & & & & & & & & & & & & & & a & a a_ . . . . A
- ETE I N N .t#..-..-..-.___ L L L L L L L L L L L L L P L L L P L L L L L EIE N N L EIE N N L LI LTI N L LI T P N, N S T M N A L L] L]
- . b o2k oa ks koaoaa ] o o i dr iy e by e i e iy e iy ey dr ey e dp e e i e iy ey e i e iy e iy ey e iy ey e e e ey ey e e e e i e i e e b A e b - EFE RN NN - EFE RN NN - & - & b oa hoa - & Ll Y -k &k L] -
. N e A N o e L iy dp e e dr e e e ey e e e dr e e e e iy e e dr e e iy e e e e e i e e e iy e e e dr e e e dr e e e e o e b b b Lk A A Lk A A Lk Lk A E e N E Lk Fr Lk »
a4 & & a & & & a m a aa i L] & & & & LR S S N e o o e o R e M A N 4 T I I N I a2 & m & a a - a4 a & & & & & & a a4 a & a2 & & & & & a & a a & a .
. TEIE N T N N [ U N ) iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii.-.__.._.._.__.__.._.._.__.._.._.._.._.__.__.._.._.__.._.__.._.._.._.__.._.._.__.._.__.._.._.__.__.._.._.__.._.__.._.._.__.._.._.._.__.._.__.._.._.__.__.._.._.._.-.__.._.._.__.__.._.._.__.-.__.._ 4 & & & & b & & & b b b & & & b b b & & b b b b b & b b b b kb kA b oA & X T T T T N N I
- - - - a a . - - - - - - - - - - - - - - - - - - - - - - a . - - - - - - -
. .__.__._..__.__.__.__.__.__.__.__.-L_ ....III_ ratnt e a b b b b b b A b b b b b b kb b b b b kbt b b b b kbt b b kb ki b b kb ki b i L E I N I
4 &4 & &8 & & & & & & I b o Il = a = - & & & & & & a - & & & & & & a a - a & a - & & & a & a a & a -
. RN | g ] P a2k RN a2k RN a2k RN P N h ko N
' A 2 k2 k2 hoaoma Nk N K A 2k oak & b a ka2 h a k a k & b a ka2 ko2 k a k ak h oak A a2k a ks hoa A a2k a hoa -
. o YRR EEBEERER * Ak N AN s RN s RN s RN P N - N
a2 & & & a = oa a . TT PTTETT ] s s a - a2 & m & a a - a2 & m & a a a . a a . s s a a . -
' N EEEREEREEN ] ' RN ' RN ' RN ' N & N
L m h am b oa khom komoama A s koak - L a kh a koa koak - A a kha ks ka koak A a A a2 kh oa hoa -
N P EE R RN ] s " EEREEE s " EEREEE s s ] s N N
. . -
E
-
u -

FI
a4 & & & & & & & & b & & bAoA

- ] N
N a s s m s moa hoa ko ataa e e a " a - e a”a » » 2 aa . N
F * '._. .:.._. b..-. b.._. .:.._. b..-. .r.._. .:.._. b..-. b.._. .:.._. * }.._. b.._. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b.._. .r.._. .:.._. b..-. b.._. .:.._. > b.._. i i fﬁ T..I. * b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. > b.._. .:.._. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. .:.._. b..-. b.._. I Jﬂﬂﬂlﬂﬂﬂﬂﬂﬂﬂlﬂ"ﬂlﬂlﬂﬂﬂl
.. .
H._._“._...___ B e i, e B o e R e e R e e P P -“.+.”a.“4.H+.Haﬂa.ﬂtﬂaﬂa.lﬂlﬂlv
- .
.-.”nlnnnlnn.._.._lnnnlnnlnnlnnlnlnnnlnnlnnlnnlnnnnnlnn . .
. . .
[ .
[
-

A M s kA ks kA kA
T T T T O O O O O O O O O O O O O O O O O O O OO O O OO O O O DO YO N DO O o Dot o o Yot O O OO N O OO O O O O | -
A B A A LA J0d i i i il i il i di il i il i il i il i ididi i i i il i il i il i idii i il i dii i il i il i di i indii i il di i il inidi i idi i indii i inii i idi i i il i il i i AN d 0 B0 0008 -

2 =2 a2 b & & & & &2 2 & &8 & & & & & &2 2 2 2 & & & & & & & & & & & & & & & & & A & & & & & & & & & & & & & B & & & & A & & & & & & & & & & & & & & & B & & & & A & A & & & & & & & & & & & & & & & & & & A & & & B & & & & & & A & & & & B & & & & & & & & B & & & & A & A & & & & & & & & & .iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiih_l.l.._l.-

u .
LI
..J.J - . . .

RO . . I, R o, _
e e e e e e :



U.S. Patent Nov. 12, 2013 Sheet 14 of 24 US 8,578,921 B2

a
N
-~

FIG. 5E




U.S. Patent Nov. 12, 2013 Sheet 15 of 24 US 8,578,921 B2

PR T W

600

top feed port or hatch

bottom feed port 112

FIG. 6



US 8,578,921 B2

L Dl

¥0.
Jle pessaidwiod

_4
&
Cof
=
\&
v—
'
W
L
e
99
¢r;
v—
—
3
] 1N, _ _
° . IS
> 901 - 1BANIa08!
2 _ .
7 et MOQIS JOpoa
- AR —
o .,
x\....n NON
d laddo H
T H P

U.S. Patent

Z0L

004



US 8,578,921 B2

_4

|

S

-

-

o

~

-

-

=

75

o

o

—

|

~ |

1 _. ., .
- - - JOA1908)
2 e, MOG|D JOPOS

U.S. Patent

0/
Jie pessaldwond

>
r

- 008

8 Ol



U.S. Patent Nov. 12, 2013 Sheet 18 of 24 US 8,578,921 B2

900 ..

" o
LA 1
[ ] -,
.*.,.: ) |II -
- -
«~ § - -"
ey ! T
W
Y _,.-"" 1‘
:'r - IlI
o A ]
v - r
) ;'r - l'
Vi, - .
:'r - ra
'r: ""-\.\_ r -
o . 90 1
i L) e ’
r - "
_l|I 'r'r -
. X -~
) e -
) Yo -
1 L S -
1 P )
|' . " -
L
H " o -
: -~
i ., .-
. ] -~

i
",

I
|
I
|
I
I Y
I
|
I
|
I

e
N
Q

botiom

F1G.9



U.S. Patent

Nov. 12, 2013

P A A A

o e 3 ] )
HHxHHH:?l:H:H:H:?l:H:H:?l:H:H:?l:H:H:?l:H:?l:?l:H:H:?l:H:H:H:H:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂ:ﬂxﬂxﬂ Hxﬂ:?l:x:ﬂ:!:ﬂ:!:!:#:!
A o e e e o o !

™.,

P

e e i
i i ] A e e w a a  e a a
e e e e e oo te oo teteteretetet
"xxxﬂxxxﬂxxx"xxxnxxxnxxxnx11-'xxxx;xxxxxxxxxxxxx.txxxxxxnuunuunuﬂxnuunu

-‘_.-L-_'...'!..'!

A AL A " e e
.l Ll i T 1, L
) 4
i_. 3 k- e . e e [ i.I.-.- - & . -\._\"
I3 : 5
. l-lll‘ll "
o _a-_'l‘q.‘.‘-. -,

4
1

1
-

L]
[

RS
a
a

T T T,

e ML

L]

N>
4
::..n .
n

r
'
-+

L
-

'
'
-+

r
a

.
b b o bk

&bk ok kb
a ‘-'r‘-'r‘-'!‘q'*l'. k
'
a
"
-
"

L]

L)
"
|

R
_'.F-

N
'r‘-
-_—

T 1006

FIG.10

kb r ki

Sheet 19 of 24

'-.-""ll o

il .h-

US 8,578,921 B2

11,11
*l*l*}*l*l*bkb*b*bkb*b*bkb*b*bkl
1

RN

R




U.S. Patent Nov. 12, 2013 Sheet 20 of 24 US 8,578,921 B2

FIG.11



U.S. Patent Nov. 12, 2013 Sheet 21 of 24 US 8,578,921 B2

‘Exh 1‘?-&\
~- 904 - g2




US 8,578,921 B2

Sheet 22 of 24

Nov. 12, 2013

U.S. Patent

- 1306

1304

-

1302 —--.

904

" = m m EEEEEE ==

0

............................. T

e

1
1

1

1

1

h 1
1

1

1

1

1

- . . e . .
' ] o ' N [ ] ' ol N a ' i F ] -..-./i H N a
AR o e T P s "N S "R e S BT T O T T N

1
1
1
1
1
§ 1
1
1
1
1
1

R g g i m e mm e
e e T .rquq.- . ..ql._. -_.... __..__.___. 1-._.lf.r ...q...__ . . R b P T

ES a r )
' Fa "a . T R I T TR Yok T .
.'._._-.-r.l " UL P T L .u.J-._ L T L T Y .'._._.-r

'y S
k- Ya ...r.J. a-tu.a.r..._-—r a0 T L T ..
' * ”lrl.-na...r.lu...l.lf.r_..lI-..I_I-._.Flh.l.llmr_.lﬁ.l

1
1
1
"
/ |
1
1
1
1

. . Tk . . [ . . e .
N - r-.r ..”1.. .._r... r, e q...... ._-.. u.r ..... ....... ...-.. N, ...... ._....-__ Koo el Thy ...... .,...-._ re ._u.
ot . (L T, [ S (L P T o
..
"
Iu‘..ll

-l W ML S L

1
Sl Bl ol il il Nl Sl At Al Sl it it Sl Sl Kot il Walb Pl el Sl il Sl
A 0t qw..r. “a rI ..”... “u wv “u L] .._... " r ....._- . e rv “u .qq..r. n Ll ..n... “a
ST T T T L A T : o, L W F

e S

a
Y LJ._.._ T,

Itﬂ - .Tﬂwul.l.fﬂ el e e .lfl._rlu.ﬂnqﬂ.l...l |:.|__..r.|..lu.H e ety |4l1...u_..| R e it
; S -

TR P, TR L

- E E E E W W N NN EEEEEEEEEEEEE ===y
I
I
|
I
I
|
I
I
|
I

Y v v
- u.-. L ..r-.. fr.,...__.n e e .._.n "

e —g—w s —g - In.l.-...ﬂl.-.|..__..I|w..lnI.._..II.HI.nrliuﬂ.In.l.l..ll.Hl Ilnll...li.l....ﬂl_nrl.-.llln..l e
e A P S T i M Ta F, ' 7, . T F L T, F A
. K K r - ra Ta
. u_-.u.. oy L - Jl-._l 2 L L .iu. .._r-._ - ._-.-.._- .rl.r - jr-._ o .-_.r.._ W .-.-._-. rI“r. ..-.-...- .rl.r L u-.“r.
-

' L] -

. . . . - E e I
Lot R M P L T Fa . T M I L L P }nl-,. T P
Nerrtelett T T e T T W R e R e T e T e M

Lo
o . Ta

, .
'] & F [ ] r i.—.u-.-... - ]

|
e TaTr . " 1
. . - F ] A - ] -
* .-..-. " T 'm ...... a1 T .-.-fi u. *a "a i -..}i.... L “: .-..-. . - L..... e -.._
. L [ ] L] - u-l. L ] - r - L} - r - . [ ] r - . -

- ....Lu .—_..- . L.-l .-..-. Iw - .—_..- . 1.I l.-.. -.w ‘- .l-fi v.l. l..-. Iw ...1.- -..}i v.r. ...-...._ - .l-_. v..l. .—....- 1_.-_. .—_..-_

i e VR e S e e S "ENC AT -] N S Ses T S T St e T WO T N e A Tt O
1.
.
.
r
.
.
r F F rF r r r r r r r F F Fr r r r r r r r rr rr 1.
e momm o w
rr e e e e e r rr e e e e e e r r e e

|

L
H ]
| |
_ e Y N N R L N N Y e ey
i A AL M -r-.lrw.. L ..1...0.... lr.- . fw_ ., .lrw. .1+....._ ¥.o T, M. .:.J. P T L P T -...lr.. ..1...« . Ta Ve ..1.J. T T P " - T Foo e
H ' . ' N [ ] v ul ] ] v iy F 1 ' s F 1 -..-rn u N u 1 -..l.r u N H) iy u - v, N u v .l-.( H] iy u a -..l.r F - i F . ul N
- P e T TP P T - S W TR L T 1. ...r-_. P 1....#-. ey W e e T e Sy e .r... o, . e ..r_.. L
* S w ey, ...f..-...ﬂ. h......-..-;.;....,.__ L e Ta LY, ..|._.4. ' .1._....-{..:.-.... 2 T Mw Tal T, Pl T s WL
o r LY R wv“ - u.I - r. - .f!-._ q.”.. [] .-.v - o - .r-. - 1.1 [] .r-. - " rv - .K-.. 1.”4 [] wv - 1%._
cire S T e ey T M e T T e T T T T R T T e T T e T T, e T T T T T T T T T T I R T T T R T
Lo, P PN, T T A S P R TR RO S MU S PO, S, P S U . [T P THRIRE. R, MR o D R P h.lll._ll.kl.l.._..llllt_.ll.-.ll.ll..l..l”.ll-lh.lllll.t.l..l|ll.llE.I.I...II.I.I..III”.-.IIE.II...II i
J
1

-
r - T *

|
- ™ Fo - * . e . m * . - E. el
r N S ¥ Y ___
- e ™ T K- . ..._.L . b ;.._. r. "a. . e - |
r by ., ! PO S T T L T ;. W
. -

T
-

S T I T TR T T . = e Tn r r.
r I I._-. T.r.w r - !..- -..l# 1.m|.. ) f-_. 1TIH I._- -..rk ...uu.- l.-_. Trur vi.ur I..l f-_.f T.r.“
. T w. =, * e " ., T O Py Ma = T
- - o - .II!.l.l-mll.-m-.l.l.-_.l_I.F.III.I.I-_FI.L_.I.I.-.I_.Irllu..II I.-n..l.l.-_.l_lﬁ:llu...rl_....l_;

FIG. 13



U.S. Patent Nov. 12, 2013

e Ay Ay Ay Ay Ay A Ae By Ay Ay Ay Ay Ae By dp Ae Ay dp Ay Ay Ay Ae By dp Ay Ay Ay Ae By dp Ae By Ay Ay Ay Iy Ae By dp dp Ay dp Iy By dp Ae By dp Iy Ay dp Ae By dp Ay 0y Iy Iy 0y

.

.

'W############
| ]

LI P, l

v oy 4
o e SRRy
‘il hmmmmmmmh {

.

N
Poog04 B

oir il Al

I.:\. ¥
ﬁ 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4,7
" _-n--n!-!--n!-!!-n--n--!!-n--n!-n-ﬁh:

-
-

Fa
o

r .
++#+##++++##+#+++++##++++##+##++++##+#++##+##ﬁ+++##+¥
i

"h########### ¥

- 908

Sheet 23 of 24 US 8,578,921 B2

- 910

//

.- 908

?}'H‘%H%

! . .

LML

L L] #’ 2 ..h

hﬂ“ﬂ{:}ii E
]

. H!
4 - . - ol
R R O e U Lo SN S Moot i, e s

R
I *: :“ L]
- *

WY

Y WYY YEYYEYVYEYEYYEYYEYYYYYYYYEYYYEYYEYYEYYYEYYYEYYYYYEYYYEYYYYYYEYYYYYYYYYNY YWY Y

- - o
L

!

h ,

- '
frrrf.frrrrrrrrrrrrrrﬂ???3??P??3??P@@@?@@@@@?@@@@@?@@@?@?1 L
O O O O S O O O O N S S S S ; 3L TSy NY -]

! |
.

e Y ol

F1G14



U.S. Patent

Nov. 12, 2013

1502 -

Sheet 24 of 24

-
-
!
f
R R R
| |
| |
) 1 1
., | PRI . s "o e e v e e e A e bt e e s e e e
n
Y | |
— lpemap
10 B W -
A | jmin e mlmmamwE-- N X
o e PR W L T v rew L PR o
l'f 1 1
| |
A | |
- | o o e e e e e e e e e e e e e e e P e o e P oo P o o e
- s
| |
| N Py

'-'.'alﬂﬁlﬂlllﬂﬂﬁﬁ Lok

My

f: -

' .

. I "l.
" "
b

! I
1 I-.J—
1 !
1 I [
[} .-"III
'I'

T

']

L:

}

i

e

A
.
i)

T

[x v -q,.-l WR W W W W ﬂll w W W W HI-l RN w o ] i . W W R W W WY R RW W WS 1' - i
gl Rl o LT, A e e e e e Vo R W o ,IM' )
- '-....“.' 1-3-:-:_-. -I-_:t; II:-:-_: e e e e e .-.. 1:—:-1_. L T 1 '\. 1 1 1 '\.'1'11||'1‘_1'1‘1'1‘1'1‘_1"\.‘1'1‘1"1‘_1'1‘1'1‘1'1‘1'1‘1‘_1‘1'1'
Loy =k mym e = R W xwe _'f' ] o = ' [ e O PP g e g e Ry T, :-'
T u " . .
. . - L. e - MM, 1
A T b S BN S _ YW 3 oall
r - o - - - . L . *, - - TR R P R FFER - rEF - rFEFEFEEREFEFEEEFEEREEFFRFEEFEEFEFR -FI rFFEFEFEFEEFEFEFEEFEFEEFEEFEFEEERER F - F &
[l Lk Y 2 T R L = R _ TSI, ., [ -k
2
™ S, =~ o, . : I R R R N A
[] O .l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.ll-ll-?u-l P " b
. AR AR AR R R R N T R Ml Y Mgy
]

..........................................

FIG. 15

US 8,578,921 B2



US 8,578,921 B2

1

METHOD AND APPARATUS FOR
CHANNELING AIR LINE INSIDE OF
PAINTBALL ASSEMBLY HAVING A
TRANSFER ROD

PRIORITY

This application 1s a continuation-in-part of U.S. patent
application Ser. No. 12/882,190, filed on Sep. 14, 2010 1n the
name of the same inventor and entitled “OPTIONAL LOAD-
ING MECHANISM CAPABLE OF RETROFITTING
PAINTBALL ASSEMBLY.,” hereby incorporated into the

present application by reference.

FIELD

The present invention relates to paint ball guns. More spe-
cifically, the present invention relates to paint ball and/or
projectile propelling systems.

BACKGROUND

With increasing popularity of paintball tournaments as
well as professional tramings such as military and sports
competitions, more accurate and realistic looking paintball
guns or markers are in demand. For example, the success of
training or competition depends on how quickly an operator
of a paintball marker can eliminate opponents by hitting them
with paintballs or paint projectiles. A problem associated with
a conventional paintball marker or gun 1s that the accuracy of
paintball marker 1s relatively poor partially due to the tradi-
tional design of the paintball guns or markers.

A conventional paintball gun or marker, for example, chan-
nels pressurized gas to the firing mechanism from bottom side
ol a marker. A typical gas tank or canister 1s mounted under-
neath the grip with a hose circles around the trigger. The gas
tank, which 1s typically mounted below the paintball gun or
receiver, can be bulky and heavy at an awkward location
which can hamper maneuver or movement of an operator.

Another problem associated with a conventional paintball
marker or gun with a gas tank mounted underneath of the
receiver 1s that handling of a typical paintball gun deviates
from handling of areal gun whereby using paintball marker as
firecarm training exercise degrades the effectiveness of mili-
tary and/or police field training.

SUMMARY

Embodiments of the present invention disclose a paintball
assembly capable of channeling pressurized air or gas via an
air line or pipe inside of the paintball assembly using a trans-
ter rod. The assembly includes a main valve, an air pipe, a
bolt, a hammer, and a U-shaped rod. While the main valve 1s
configured to propel a paintball utilizing pressurized gas, the
air pipe supplies and channels the pressurized gas to the valve.
The bolt guides or pushes the paintball into a firing chamber,
and the hammer manages or controls the main valve for
propelling the paintball upon pulling of the trigger. The
U-shaped rod 1s used to synchronize the movement of the bolt
and the hammer. In one embodiment, the U-shaped rod 1is
configured 1n such a way that at least a portion of the
U-shaped rod 1s structured around the air pipe to reduce
contact with the air pipe.

Additional features and benefits of the exemplary embodi-
ment(s) of the present invention will become apparent from
the detailed description, figures and claims set forth below.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiment(s) of the present invention will be
understood more fully from the detailed description given
below and from the accompanying drawings of various
embodiments of the invention, which, however, should not be
taken to limit the invention to the specific embodiments, but
are for explanation and understanding only.

FIGS. 1A-D are diagrams illustrating a right side receiver
in accordance with one embodiment of the present invention;

FIGS. 2A-B are diagrams 1illustrating a left side receiver in
accordance with one embodiment of the present invention;

FIGS. 3A-B are diagrams 1llustrating a bottom feed adapter
in accordance with one embodiment of the present invention;

FIG. 4 1s a diagram 1illustrating a bottom view of a receiver
including a bottom feed adapter in accordance with one
embodiment of the present invention;

FIGS. 5A-E are diagrams 1llustrating perspective view of a
receiver having a bottom feed adapter mounted to the receiver
in accordance with one embodiment of the present invention;

FIG. 6 1s a diagram illustrating a front view a receiver
showing a top feed port and a bottom feed adapter 1n accor-
dance with one embodiment of the present invention;

FIG. 7 1s a diagram showing a portion of paintball marker
being retrofitted with a receiver mounted with a bottom feed
adapter 1n accordance with one embodiment of the present
invention;

FIG. 8 1s a diagram showing a portion of paintball marker
being retrofitted with a recerver capable of providing optional
loading mechanisms 1n accordance with one embodiment of
the present invention;

FIG. 9 1s a diagram 1llustrating a perspective view of a
receiver having a projectile propelling system utilizing a
transfer rod 1 accordance with one embodiment of the
present invention;

FIG. 10 illustrates diagrams showing a side cross-section
view and a front view of a recerver having valve, air pipe, and
transfer rod 1n accordance with one embodiment of the
present invention;

FIG. 11 1llustrates diagrams showing simplified perspec-
tive views of a propelling mechanism using a transfer rod in
accordance with one embodiment of the present invention;

FI1G. 12, which 1s a simplified version of FI1G. 10, 1llustrates
diagrams showing a side cross-section view and a front view
ol a receiver having valve, air pipe, and transfer rod in accor-
dance with one embodiment of the present invention;

FIG. 13 illustrates diagrams showing top views of alterna-
tive aspects ol propelling mechamisms including a transier
rod 1n accordance with one embodiment of the present inven-
tion;

FIG. 14 illustrates diagrams showing cross-section views
ol a recetver having an air pipe and a transfer rod 1n accor-
dance with one embodiment of the present invention; and

FIG. 151llustrates paintball assemblies with shoulder stock
including a projectile propelling system having a transfer rod
in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

Exemplary embodiment(s) of the present mvention 1s
described herein in the context of a method, system and
apparatus of retrofitting a paintball propelling device with a
receiver capable of facilitating optional paintball feed mecha-
nisms.

Those of ordinary skills 1n the art will realize that the
following detailed description of the exemplary embodi-
ment(s)1s 1llustrative only and 1s not intended to be 1n any way
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limiting. Other embodiments will readily suggest themselves
to such skilled persons having the benefit of this disclosure.

Retference will now be made in detail to implementations of
the exemplary embodiment(s) as 1llustrated in the accompa-
nying drawings. The same reference indicators will be used
throughout the drawings and the following detailed descrip-
tion to refer to the same or like parts.

References to ‘“‘one embodiment,
“example embodiment,” “various embodiments,” “exem-
plary embodiment,” “one aspect,” “an aspect,” “exemplary
aspect,” “various aspects,’ etc., indicate that the embodi-
ment(s) of the invention so described may include a particular
feature, structure, or characteristic, but not every embodiment
necessarily includes the particular feature, structure, or char-
acteristic. Further, repeated use of the phrase “1n one embodi-
ment” does not necessarily refer to the same embodiment,
although 1t may.

In the 1interest of clarity, not all of the routine features of the
implementations described herein are shown and described. It
will, of course, be understood that 1n the development of any
such actual implementation, numerous implementation-spe-
cific decisions may be made in order to achieve the develop-
er’s specific goals, such as compliance with application- and
business-related constraints, and that these specific goals will
vary from one implementation to another and from one devel-
oper to another. Moreover, 1t will be understood that such a
development effort might be complex and time-consuming,
but would nevertheless be a routine undertaking of engineer-
ing for those of ordinary skills in the art having the benefit of
this disclosure.

Various embodiments of the present invention 1llustrated in
the drawings may not be drawn to scale. Rather, the dimen-
s1ons of the various features may be expanded or reduced for
clarity. In addition, some of the drawings may be simplified
for clarity. Thus, the drawings may not depict all of the
components of a given apparatus (e.g., device) or method.

As used herein, the singular forms of article “a”, “an” and
“the” are intended to 1include the plural forms as well, unless
the context clearly indicates otherwise. Also, the terms “com-
prises’ and/or “comprising,” when used 1n this specification,
specily the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereol. The term “and/or” includes any and all combinations
of one or more of the associated listed 1tems.

22 4

an embodiment,”

2 &
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Overview for Retrofit Kit

Embodiments of the present invention disclose a retrofit kat
providing flexible paintball loading mechanism for a paint-
ball gun. In one embodiment, the retrofit kit includes a right
side portion of a recerver, a left side portion of the recerver,
and a bottom removable adapter. The right side portion of a
receiver having a first feed hatch 1s able to receive paintballs
through an upper loading mechanism. The left side portion of
the receiver, after coupling with the right side portion of the
receiver to form a receiver, 1s capable of coupling to a barrel
as well as a pressured gas container. The bottom removable
adapter, in one embodiment, facilitates to recerve paintballs
via a bottom feeding mechanism. In one example, the kit
turther includes a right grip portion capable of coupling to the
right side portion of the recerver and a left grip portion
capable of coupling to the leit side portion of the recerver for
gripping.

FIG. 1A 1sadiagram 100 illustrating a right side receiver in
accordance with one embodiment of the present invention.
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Diagram 100 includes aright side recerver 102 and a right side
portion of a grip 104. Recerver, assembly, body, or frame 102
of a paintball marker or gun 1s part of physical structure that
houses various mechanical and/or operating parts or compo-
nents. The terms “receiver,” “body,” “assembly,” and “frame”
are hereinafter used interchangeably. Right side recerver 102,
in one aspect, can be fabricated or casted with solid or rigid
materials which can stand a range of predefined stresses as
well as temperature variations. The materials include, but not
limited to, metal, aluminum, polymers, alloy, composite plas-
tics, and the like. It should be noted that the underlying
concept of the exemplary embodiment(s) of the present
invention would not change if one or more components (or
clements) were added to or removed from diagram 100.

Right side receiver 102, in one embodiment, includes an
opening 106 for top loading or top feed paintballs and a
cut-out area 111 configured to couple to a bottom feed
adapter. Opening 106, 1n one aspect, can be selectively closed
by a hatch, a cover, or a door when the top feed mechanism of
paintballs 1s not used. Paintballs are considered as ammuni-
tion for the paintball gun or marker and they, for example, are
round or spherical shaped capsules containing dye sub-
stances. Upon an impact of a paintball, the paintball leaves a
colored marker. The bottom feed adapter, which 1s not shown
in FIG. 1A and will be discussed more detail later, includes a
bottom feed port 112 which facilitates bottom feed mecha-
nism of paintballs. Right side receiver 102 further includes
various holes 116 for fastening purposes.

Grip or handle 104, in one embodiment, 1s an optional
component facilitating gripping and/or handling. Depending
on the applications, grip 104 may or may not be mounted.
Applications may vary depending on which existing paintball
marker 1s to be retrofitted. When grip 104 1s desirable, grip
104 can be mounted onto right side receiver 102 using mount-
ing holes 108-110. It should be noted that fasteners such as
screws and bolts can be used to secure grip 104 onto right side
receiver 102 via holes 108-110. Grip 104 1s fabricated or
casted with solid or rigid materials capable of facilitating
handling comifort. The solid or rigid materials include wood,
rubber, metal, aluminum, polymers, alloy, composite plastics,
and the like.

It should be noted that various other features such as
knock-outs 156 and grooves 1352 are relating to aesthetic
and/or other functional valves whereby they do not alter the
underlying concept of the exemplary embodiment(s) of the
present invention 1f the shape of knock-outs or a groove
changes.

FIG. 1B 1s a diagram 120 illustrating a right side internal
view of a recerver 1 accordance with one embodiment of the
present invention. Diagram 120 includes a right side internal
view ol arecerver 102 and a right side portion internal view of
a grip 104. The right side iternal view of receiver 102
includes a barrel coupling system 122, arecess 128, and a rear
coupling system 124. Barrel coupling system 122, in one
example, includes a coupling device as such threads config-
ured to couple with a barrel. Recess 128 1s used to house a
propelling mechanism while rear coupling system 124 may
be used to couple an end cap, a buttstock, or a compressed air
tank. Right side portion internal view of a grip 104, in one
embodiment, includes various mechanical or circuitry ele-
ments 126 such as battery. It should be noted that the under-
lying concept of the exemplary embodiment(s) of the present
invention would not change if one or more components (or
clements) were added to or removed from diagram 120.

FIG. 1C 1s a diagram 130 illustrating a right side internal
view of a recerver 1 accordance with one embodiment of the
present invention. Diagram 130 1llustrates right side receiver
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102 mounted with grip 104. The right side internal view of
receiver 102 includes a barrel coupling system 122, a recess
128, and a rear coupling system 124.

FIG. 1D 1illustrates a three dimensional (“3D”) diagram
140 showing a right side receiver 1n accordance with one
embodiment of the present invention. Diagram 140 illustrates
right side recerver 102 without a grip mounted. It should be
noted that the underlying concept of the exemplary embodi-
ment(s) of the present invention would not change 11 one or
more components (or elements) were added to or removed
from diagram 140.

FIG. 2A 1s a diagram 200 1llustrating a leit side recetver in
accordance with one embodiment of the present invention.
Diagram 200 includes a lett side recetver 202 and a left side
portion of a grip 204. Similar to right side of a right side
recetver 102, left side receiver 202 1s fabricated or casted with
solid or rigid materials which can withhold a range of pre-
defined pressure stress as well as temperature variations. The
materials include, but not limited to, metal, aluminum, poly-
mers, alloy, composite plastics, and the like. It should be
noted that the underlying concept of the exemplary embodi-
ment(s) of the present invention would not change 11 one or
more components (or elements) were added to or removed
from diagram 200.

Left side recerver 202, 1n one embodiment, includes a
cut-out area 211 configured to couple to a bottom feed
adapter. The bottom feed adapter, not shown, couples to both
right side recerver 102 and left side receiver 202. The adapter,
which will be discussed more detail later, includes a bottom
feed port 112 capable of facilitating bottom feed mechanism
of paintballs. Leit side receiver 202 further includes various
holes 216 for fastening purposes.

Lett side portion of grip 204, 1n one embodiment, 1s an
optional component facilitating hand gripping and/or han-
dling. Depending on the applications, grip 204 may or may
not be mounted onto left side recerver 202. When left side
portion of grip 204 1s desirable, leit side portion of grip 204
can be mounted onto left side recerver 202 using mounting
holes 208-210. It should be noted that fasteners such as
screws and bolts may be used to secure grip 104 onto left side
receiver 202 via holes 208-210. Left side portion of grip 204
can be fabricated or casted with solid or ngid matenals
capable of facilitating hand holding or griping. The solid or
rigid materials include wood, rubber, metal, aluminum, poly-
mers, alloy, composite plastics, and the like.

FIG. 2B 1s a diagram 220 1llustrating a leit side internal
view of a recerver 1n accordance with one embodiment of the
present invention. Diagram 220 includes a leit side internal
view ol a receiver 202 and a left side portion internal view of
a grip 204. Lelt side internal view of recerver 202 includes a
barrel coupling system 222, a recess 228, and a rear coupling,
system 224. Barrel coupling system 222, 1n one example,
includes a coupling device as such threads configured to
couple with a barrel. Recess 228 1s used together with recess
128 to house a propelling mechanism while rear coupling
system 224 may be used to couple an end cap, a buttstock, or
a compressed air tank. Light side portion internal view of a
or1p 204, in one embodiment, includes various mechanical or
circuitry elements 226.

FIG. 3A 15 a set of diagrams 300 illustrating various views
of bottom feed adapter 1n accordance with one embodiment
of the present invention. FI1G. 3 A illustrates a left view 302 of
bottom feed adapter 322, top view 304 of bottom feed adapter
322, right view 310 of bottom feed adapter 322, bottom view
312 of bottom feed adapter 322, front view 306 ol bottom feed
adapter 322, and rear view 308 of bottom feed adapter 322.
Bottom feed adapter 322, in one embodiment, includes a
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bottom feed port 112, a gas port 320, and an optical lighting
device 318. It should be noted that the underlying concept of
the exemplary embodiment(s) of the present invention would
not change 1f one or more components (or elements) were
added to or removed from diagram 300.

Bottom feed port 112, 1n one embodiment, 1s an opening,
having a predefined dimension that allows conventional
paintballs to pass through. When bottom feed adapter 322 1s
coupled to a bottom feed magazine (not shown 1n FIG. 3A),
the bottom feed magazine, which 1s powered by a bottom feed
mechanism, generates a force which 1s 1n a direction opposite
from the gravitation force to push a paintball from the maga-
zine 1nto a recetver of paintball gun through bottom feed port
112. After the paintball in the receiver is fired or released,
optical lighting device 318 emits an optical signal or light
instructing the magazine to feed another paintball to the
receiver through bottom feed port 112.

Bottom feed adapter 322, in one embodiment, 1s coupled to
lett and right sides of recerver to form a complete recerver that
1s capable of retrofitting an existing paintball marker or gun.
Various attaching elements 330 are used to fasten bottom feed
adapter 322 to left and right side recerver. It should be noted
that the dimension of bottom feed adapter may vary depend-
ing on the applications. FIG. 3B illustrates three dimensional
drawings of bottom feed adapter with different viewing
angles 1n accordance with one embodiment of the present
invention. Note that depending on the applications, the shape
and design of bottom feed adapter may vary slightly.

FIG. 4 1s a diagram 400 1illustrating a bottom view of a
receiver capable of facilitating bottom feed mechanism in
accordance with one embodiment of the present ivention.
Diagram 400 shows a bottom view of a receiver including
right side receiver 102, left side recerver 202, and a bottom
feed adapter 322. While bottom feed port 112 facilitates
paintball passage from bottom feed magazine to the recerver,
gas port 320 coupled to a gas line receiving pressurized gas
from a compressed air or nitrogen tank, not shown 1n FIG. 4.

FIG.5A 15 a3D diagram 500 illustrating a perspective view
of a recerver 1 accordance with one embodiment of the
present invention. Diagram 500, 1n one aspect, illustrates a
right side receiver 102 having bottom feed adapter 322
capable of accepting paintballs fed from the bottom feed
magazine, not shown. Holes 116 are used to fasten with the
left side receiver, not shown, to form a complete receiver.
Right side recerver 102 also includes a top feed port or hatch
106 capable of accepting paintballs fed from a container or
hopper situated above right side receiver 102. It should be
noted that the underlying concept of the exemplary embodi-
ment(s) of the present imnvention would not change 1f one or
more components (or elements) were added to or removed
from diagram 300.

FIG. 5B illustrates an internal perspective view of a
receiver and FIG. 5C illustrates a 3D internal perspective
view of a recerver 540 1n accordance with one embodiment of
the present invention. Diagram 500 includes a projectile pro-
pelling system 532 and a bottom feed adapter 322 mounted to
the receiver. In one embodiment, the recerver 1s capable of
accept top feed mechanism via opening 106. Alternatively,
the recerver can select bottom feed mechanism via bottom
feed port 112. Depending on the applications, a paintball
operator can selectively choose between top and bottom feed
mechanisms. Note that both top and bottom feed mechanisms
are able to deliver a paintball in the chamber of recerver when
it 1s empty.

Projectile propelling system 3532 includes hammer or
striker, in-line valve, and a bolt. In one embodiment, various
traditional projectile propelling systems may be retrofitted
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with embodiments of the present disclosed retrofit kat
whereby the retrofitted paintball guns are able to accept load-
ing from the bottom feed as well as the top feed. When an
operator pulls the trigger of a paintball marker, the pressure
unlatches the hammer from the bolt and the projectile (1.e.,
paintball) 1s propelled.

FIGS. 8D-E are 3D diagrams illustrating alternative con-
figurations of a retrofit kit or receiver 1n accordance with one
embodiment of the present invention. Diagrams 548-550
shows retrofit recervers with slightly different dimensions
which will be able to retrofit with various ditferent traditional
paintball markers. Note that recervers shown 1n diagram 548-
550 include bottom feed adapter 322 which facilitates to
receive paintballs from the bottom feed mechanism via bot-
tom feed port 112. Alternatively, recervers 1llustrated 1n dia-
gram 348-3550 are also able to receive paintballs from the top
feed mechanism via top feed port 106.

FIG. 6 1s a diagram 600 1llustrating a front view a receiver
showing a top feed port 106 and a bottom feed adapter 322 1n
accordance with one embodiment of the present invention.
The recerver includes a right side receiver 102, a left side
receiver 202, and a bottom feed adapter 322. In one embodi-
ment, the receiver also shows a top feed hatch 106 and a
bottom feed port 112. When the bottom feed mechanism 1s
not elected, an alternative bottom adapter, which may include
in a kit, may be used to seal the bottom feed port or opening.

An advantage of employing the disclosed embodiments of
retrofit kit 1s to allow a paintball operator to pick and choose
whether the paintballs should be fed from top, bottom, or
both. For example, embodiments of the present invention
allow existing paintball guns to be retrofitted to accept a
bottom feed paintball mechanism. The existing paintball guns

may include, but not limited to, Tippmann 98™, Tippmann
AS™ Tippmann X7™ Tippmann X7 Phenom™, BT Com-

bat™, BT Delta™, BT SWAT™, BT4™_ US Army Alpha
Black™, US Army Project Salvo™, US Army Carver One™,
and Valken SW-1T™,

In one embodiment, a retrofit assembly for a paintball
propelling device mcludes a first solid side, a second solid
side, and a third removable solid side. The first solid side
includes a first feed hatch configured to receive paintballs
through a first feeding mechanism. The retrofit assembly, in
one embodiment, further includes a first grip portion couple
to the first solid side for gripping. The first solid side 1s a right
side portion of a recerver capable of catapulting a paintball 1n
response to a launching mechanism. The first feed hatch 1s
operable to couple to a feeder elbow capable of receiving
paintballs fed by gravitational force. The feeder elbow, for
example, 1s able to couple with a hopper capable of contain-
ing multiple paintballs. The hopper 1s generally situated 1n
such a way that paintballs can be fed to the chamber of
receiver via gravity.

The second solid side 1s coupled to the first solid side to
form a recerver which i1s further configured to couple with a
barrel. The retrofit assembly may further include a second
gr1p couple to the second solid side for gripping. The second
solid side 1s a left side portion of the receiver capable of
catapulting a paintball in response to a launching mechanism.
The first and second solid sides can be fabricated by alumi-
num, zinc, alloy, composite materials, or pressure resistance
plastics. The first feeding mechamism includes a hopper situ-
ated approximately above the receiver and feeds paintballs to
the recerver with a gravitational force. The second feeding
mechanism 1includes a magazine situated approximately
below the receiver and pushes paintballs 1n a direction oppo-
site of gravity to the receiver for launching.
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The third removable solid side coupled to the receiver and
capable of facilitating to receive paintballs via a second feed-
ing mechanism. The assembly of claim 1, wherein a third
removable solid side 1s a bottom feed adapter, wherein the
bottom feed adapter 1s able to couple to a bottom feed maga-
zine. The third removable solid side can also be made by
aluminum, zinc, alloy, composite materials, and/or pressure
resistance plastics. In one aspect, the bottom feed magazine
generates a loading force to push a paintball 1n a direction
against gravity into the receiver for launching the paintball.
The third removable solid side includes an optical light emut-
ting component capable of providing a light signal(s) in
accordance with firing a paintball from the receiver.

It should be noted that the exemplary embodiments of the
present invention disclose a retrofit kit having a receiver
capable of facilitating top and bottom feed systems. The
receiver can be formed by three (3) separate components,
namely a right side receiver 102, a left side recerver 202, and
a bottom feed adapter 322 as 1llustrated above. The receiver,
however, does not have to be formed by three (3) components.
For example, depending on the applications, the receiver may
be formed by one (1) or two (2) components. In an exemplary
embodiment, a recerver may be formed by two (2) compo-
nents, such as a top half recerver and a bottom half receiver
wherein the bottom half recerver containing a bottom feed
port. Alternatively, a receiver having a top feed hatch and a
bottom feed port may be manufactured with one (1) single
fabrication process. It should be further noted that the recerver
for retrofitting can also be formed with more than three (3)
components.

The retrofit assembly further includes a feed switch
coupled to the receiver and configured to selectively switch
between the first feeding mechanism and the second feeding
mechanism. In addition, the receiver i1s able to couple to a
compressed air tank used to propel a paintball 1into a trajec-
tory.

An advantage of using the embodiments of the present
invention 1s to allow an operator to have a clear line of fire
without obstruction such as a hopper.

FIG. 7 1s a diagram 700 showing a portion of paintball
marker being retrofitted with a receiver mounted with a bot-
tom feed adapter in accordance with one embodiment of the
present invention. Diagram 700 includes a receiver, a feeder
clbow, a hopper 702, a compressed air container 704, a barrel
708, and a gas line 706. The receiver further includes a right
side recerver 102, a right side grip portion 104 wherein the
receiver 1s able to couple to hopper 702 using the feeder elbow
via top feed hatch 106. In this embodiment, an alternative
bottom adapter 712 1s used to block the bottom feed mecha-
nism. Alternative bottom adapter 712 can be optionally
replace with a bottom feed adapter 11 the operator elects to use
the bottom feed mechanism. It should be noted that the under-
lying concept of the exemplary embodiment(s) of the present
invention would not change if one or more components (or
clements) were added to or removed from diagram 700.

FIG. 8 1s a diagram 800 showing a portion of paintball
marker being retrofitted with a receiver capable of providing
optional loading mechanisms 1n accordance with one
embodiment of the present invention. Diagram 800 includes a
receiver, a feeder elbow, a hopper 702, a compressed air
container 704, a barrel 708, a gas line 706, and a bottom feed
magazine 802. A paintball marker operator elects to use both
top feed mechanism and bottom feed mechanism. In one
embodiment, bottom feed magazine 802 couples to a bottom
teed adapter and feeds paintballs to the chamber of recerver
via bottom feed port 112. It should be noted that the under-
lying concept of the exemplary embodiment(s) of the present
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invention would not change if one or more components (or
clements) were added to or removed from diagram 800.

Overview for Air Pipe and Transtfer Rod

Embodiments of the present invention disclose a paintball
assembly capable of channeling pressurized air or gas via an
air line or pipe 1nside of the paintball assembly using a trans-
ter rod. The assembly includes a main valve, an air pipe, a
bolt, a hammer, and a U-shaped rod. While the main valve 1s
configured to propel a paintball utilizing pressurized gas, the
air pipe supplies and channels the pressurized gas to the valve.
The bolt guides or pushes the paintball into a firing chamber,
and the hammer manages or controls the main valve for
propelling the paintball upon pulling of the trigger. The
U-shaped rod 1s used to synchronize the movement of the bolt
and the hammer. In one embodiment, the U-shaped rod 1s
configured 1n such a way that at least a portion of the
U-shaped rod 1s structured around the air pipe to reduce
contact with the air pipe.

FI1G. 9 1s a diagram 900 illustrating a perspective view of a
right side receiver 102 having a projectile propelling system
utilizing a transier rod 1n accordance with one embodiment of
the present invention. Right side recerver 102 includes a pro-
jectile propelling system 532, a cocking mechanism 916, a
breech receiving end 920, and a back end 922. Breech receiv-
ing end 920 1s configured to recerve the breech end of a gun
barrel (not shown 1n FIG. 9). Back end 922, 1n one aspect, 1s
configured to fit to a stock or shoulder stock (not shown 1n
FIG. 9). Alternatively, back end 922 1s configured to receive
gas tank(s) and/or camister(s) (not shown in FI1G. 9). It should
be noted that the underlying concept of the exemplary
embodiment(s) of the present invention would not change 1f
one or more components (or elements) were added to or
removed from diagram 900.

Projectile propelling system 332 includes valve 902, bolt
904, hammer 906, air pipe 908, and rod 910. Valve 902, which
has also been referred to as main valve, in-line valve, switch,
et cetera, 1s able to launch, propel, throw, or hurl a paintball
over a distance using a combination of cocking mechanism
and firing mechanism using pressurized gas. Valve 902 con-
trols pressurized gas supplied from air pipe 908 and channels
the pressurized gas to propel a paintball over a distance via a
barrel. A function of valve 902 1s to switch on and/or off
pressurized gas 1n response to the position of trigger.

Valve 902, 1n one embodiment, 1s structured 1n two cylin-
drical portions including an extended cylindrical portion 903.
While main valve 902 controls the pressurized gas, extended
cylindrical portion or extended portion 903 provides a track
or direction to bolt 904 and provides directional gmidance for
the movement of bolts 904. Note that valve 902, extended
portion 903, bolt 904, and hammer 906 are all axially aligned
with the breech end of a barrel. Top surface 926 of valve 902
also coincides with the top orientation of receiver 102.

Air pipe 908 includes several sections wherein a first end 1s
used to coupled to top surtace 926 ot valve 902 and the second
end 1s used to connect to gas inlet 912 located at back end 922.
A first body section of air pipe 908, which 1s adjacent to the
first end of air pipe 908, moves away from the top surface of
valve 926 1n a perpendicular direction. A second body section
of air pipe, which 1s adjacent to the first body section, 1s
situated 1n parallel or substantially parallel to the top surface
of valve 926. It should be noted that the second body section
of air pipe 908 1s placed 1n parallel or substantially parallel
with the cylindrical axis of valve 902. A third body section of
air pipe 908, which 1s situated adjacent to gas inlet 912, 1s
configured to couple between the second body section and the
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second end of air pipe 908. Air pipe 908, 1n one aspect, 1s
made of solid matenials, such as copper, aluminum, nickel,
alloy, plastic, composite, metal, and the like.

Transfer rod 910, 1n one embodiment, 1s structured 1n a
U-shape or at least a portion of the rod 1s structured 1n a
U-shape. The U-shaped rod 1s used to synchronize the move-
ment between bolt 904 and hammer 906. The terms “transier
rod” and “U-shaped rod” are heremafiter referred to the same
rod. U-shaped rod 910 includes two ends and several body
sections. The first end of U-shaped rod 910 1s coupled to bolt
904 and the second end of U-shaped rod 910 1s fastened with
hammer 906. A first body section of U-shaped rod 910, which
1s adjacent to the first end of U-shaped rod 910, moves onto
the top surface of valve 926 leading away from bolt 904. The
U-shaped section of U-shaped rod 910 1s used to minimize,
reduce, or avoid direct contact with air pipe 908 whereby 1t
can facilitate the movement of bolt 904 and hammer 906
without interfering with air pipe 908. The second body sec-
tion of U-shaped rod 910, which 1s adjacent to hammer 906,
1s used to connect to the second end of U-shaped rod 910. Not
that U-shaped rod 910 can be made by any solid or rigid
materials, such as metal, copper, aluminum, nickel, alloy,
plastic, composite, and the like.

An advantage of employing the embodiment(s) of present
invention 1s that both air pipe 908 and U-shaped rod 910 pass
through the top surface of valve 926 without interfering with
cach other thereby the embodiment(s) allows a user to use a
gas source from back end 922.

FIG. 10 illustrates diagrams showing a side cross-section
view 1002 and a front view 1004 of a recerver having valve
902, air pipe 908, and transier rod 910 arranged 1n accordance
with one embodiment of the present invention. Front view
1004 illustrates a front perspective view of opening 1006 of
extended portion 903, bolt 904, and valve 902. Opening 1006
1s a channel allowing a steam of pressurized gas to pass for
propelling a paint ball. Bolt 904 1s configured to push the
paintball 1into a firing chamber before 1t 1s being propelled by
the pressurized gas.

During an operation, hammer 906, paintball (not shown 1n
FIG. 10), and valve 902 are axially aligned wherein valve 902
1s situated between the paintball and hammer 906. When
hammer 906 1s 1n the cocking position and the paintball 1s
loaded, hammer 906 and bolt 904 slide forward upon pulling
of a trigger. The forward movement loads the paintball into
firing chamber and shoots the paintball over a distance by
pressurized gas from air pipe 908. U-shaped rod 910 facili-
tates movements ol hammer 906 and bolt 904 during the
firing as well as cocking actions. The U-shaped section of
U-shaped rod 910 allows the rod move freely on the top
surface of the valve without interfering with air pipe 908.

FIG. 11 1llustrates diagrams showing simplified perspec-
tive views of a propelling mechanism using a transfer rod in
accordance with one embodiment of the present ivention.
Perspective view 1102 shows valve 902, bolt 904, hammer
906, air pipe 908, and U-shaped rod 910, wherein bolt 904
and hammer 906 are 1n the cocking position. Perspective view
1104 shows bolt 904 and hammer 906 are 1n the firing posi-
tion. As 1illustrated in FIG. 11, the movements of U-shaped
rod 910 do not interfere with air pipe 908.

A paintball assembly, 1n one embodiment, includes valve
902, air pipe 908, bolt 904, hammer 906, and U-shaped rod
910. Valve 902 1s configured to propel a paintball using pres-
surized gas. Valve 902, in one example, 1s an in-line cylindri-
cal valve having a main cylindrical body and an extended
portion 903, wherein the extended portion 903 guides move-
ments or horizontal movement of bolt 904. While bolt 904 1s
operable to guide the paintball into a firing chamber, hammer
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906 1s capable of striking valve 902 to release sufficient
amount pressurized gas to propel a paintball for a predefined
distance.

Air pipe 908 has a first end and a second end, and 1s able to
channel the pressurized gas to valve 902. For example, the
first end of air pipe 908 1s connected to top surface of valve
902 and the second end of air pipe 902 1s connected to a gas
source or gas inlet. Note that air pipe 908 1s configured to be
routed 1nside of assembly capable of transferring pressurized
gas {rom, for instance, a carbon dioxide canister to valve 902.

U-shaped rod 910 1s coupled to bolt 904 and hammer 906,
and 1s configured to synchronize movement of the bolt and the
hammer. For example, U-shaped rod 910 has a first end and a
second end, wherein the first end of U-shaped rod 910 1s
fastened to bolt 904 and the second end of U-shaped rod 910
1s coupled to hammer 906. In one embodiment, U-shaped rod
910 1s configured 1n such a way that at least a portion of
U-shaped rod 910 1s structured around air pipe 908 to reduce
and/or avoid physical friction with air pipe 908. Note that
during the cocking and firing actions, U-shaped rod 910
moves to synchronize the movements 1106 of bolt 904 and
hammer 906.

The paintball assembly, 1n one example, 1s also configured
to mclude a shoulder stock capable of containing a gas
source(s). The gas source may be a nitrogen tank, a carbon
dioxide (CO2) canister, and/or a compressed air canister. In
an alternative example, the paintball assembly may also
include a gas source which 1s mounted beneath the assembly.

FI1G. 12, which 1s a simplified version of FIG. 10, illustrates
diagrams showing a side cross-section view 1202 and a front
view 1204 of a receiver having valve 902, air pipe 908, and
transfer rod 910 1n accordance with one embodiment of the
present invention. Front view 1204 1llustrates a front perspec-
tive view of opening 1206 of extended portion 903, bolt 904,
and valve 902. Opening 1206 1s a channel allowing a steam of
pressurized gas to pass 1n order to propel the paint ball. Bolt
904 pushes the paintball into a firing chamber before the
pressurized gas propelling the paintball for a distance.

FI1G. 13 illustrates diagrams showing top views 1302-1306
ol alternative aspects of propelling mechanisms including a
transfer rod 1n accordance with one embodiment of the
present invention. Top view 1302 illustrates U-shaped rod
910 that moves along at the right side of air pipe 908. A
portion 1310 of U-shaped rod moves below air pipe 908.
Alternatively, top view 1304 illustrates U-shaped rod 910 that
moves along at the left side of air pipe 908. Top view 1306
illustrates an alternatively configured U-shaped rod 1308. It
should be noted that other types of U-shaped or V-shaped rod
1s possible as long as the rod does not interfere with air pipe
908 when i1t moves back and forth.

FI1G. 14 1llustrates diagrams showing cross-section views
1402-1404 of a recerver having air pipe 908 and transter rod
910 1n accordance with one embodiment of the present inven-
tion. Cross-section views 1402-1404 includes a receiver, a
projectile propelling system 532, air pipe 908, and U-shaped
rod 910. In one aspect, inside ol receiver 1s specifically
designed with cut-out(s) for air pipe 908 to travel from the top
surface of projectile propelling system 532 to gas inlet912. In
one embodiment, gas mlet 912 1s used to connect to one or
more gas canisters (or tanks) 1n the stock or shoulder stock.

FIG. 15 illustrates paintball assemblies 1502-1504 with
shoulder stocks 1510 including a projectile propelling system
having a U-shaped rod 1n accordance with one embodiment of
the present invention. Paintball assembly 1502 shows a
receiver, a shoulder stock 1510, a barrel 708, and a grip
portion. Shoulder stock 1510, 1n one aspect, includes one or
more gas camsters 1512 configured to be a gas source for
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paintball assembly 1502. The receiver, 1n one embodiment, 1s
able to receive paintballs either from top loading or bottom
loading and uses pressurized gas to launch the paintball via
barrel 708. It should be noted that the underlying concept of
the exemplary embodiment(s) of the present invention would
not change 11 one or more components (or elements) were
added to or removed from paintball assembly 1502.

Paintball assembly 1504 shows a receiver, a shoulder stock
1510, a stock 1510, a compressed air container 704, a barrel
708, and a gas line 706. In one embodiment, an operator can
selectively choose which gas sources to use. For example, the
operator can select container 704 as the gas source when
canister 1512 1s empty. Alternatively, operator can combine
the gas sources from container 704 and canister 1512 to
reinforce the pressure of gas.

While particular embodiments of the present invention
have been shown and described, 1t will be obvious to those of
ordinary skills 1n the art that based upon the teachings herein,
changes and modifications may be made without departing
from this exemplary embodiment(s) of the present invention
and 1ts broader aspects. Therefore, the appended claims are
intended to encompass within their scope all such changes
and modifications as are within the true spirit and scope of this
exemplary embodiment(s) of the present invention.

What 1s claimed 1s:

1. A paintball assembly comprising:

a valve configured to propel a paintball utilizing pressur-

1zed gas;

an air pipe, having a first end and a second end, coupled to

the valve and able to channel the pressurized gas,
wherein the first end of the air pipe 1s connected to the
top surface of the valve and the second end of the air pipe
1s coupled to a gas source;

a bolt coupled to the valve operable to guide the paintball

into a firing chamber;

a hammer coupled to the valve configured to control the

valve for propelling the paintball; and

a U-shaped rod coupled to the bolt and the hammer and

configured to synchronize movement of the bolt and the
hammer.

2. The assembly of claim 1, further comprising a shoulder
stock coupled to the assembly and configured to contain a gas
source.

3. The assembly of claim 2, wherein the gas source
includes one of nitrogen tank, carbon dioxide canister, and
compressed air canister.

4. The assembly of claim 1, wherein the valve 1s an 1n-line
cylindrical valve having a main cylindrical body and an
extended portion, wherein the extended portion guides hori-
zontal movement of the bolt.

5. The assembly of claim 4, wherein the air pipe 1s config-
ured to be 1nside of the assembly transterring pressurized gas
from a carbon dioxide canister to the valve.

6. The assembly of claim 5, wherein the U-shaped rod has
a first end and a second end, wherein the first end of the
U-shaped rod is fastened to the bolt and the second end of the
U-shaped rod 1s coupled to the hammer.

7. The assembly of claim 6, wherein the U-shaped rod 1s
configured 1n such a way that at least a portion of the
U-shaped rod 1s structured around the air pipe to avoid physi-
cal friction with the air pipe.

8. The assembly of claim 7, wherein the U-shaped rod
synchronizes movement between the bolt and the hammer
during a cocking action.

9. The assembly of claim 7, wherein the U-shaped rod
synchronizes movement between the bolt and the hammer
during a firing action.
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10. A paintball marker comprising;:

a valve having a cylindrical body and configured to propel
a paintball utilizing pressurized gas;

a {irst end of an air pipe coupled to the top surface of the
valve and able to channel the pressurized gas from a
second end of the air pipe to the valve, wherein a first
portion of the air pipe adjacent to the first end 1s situated
substantially perpendicular to the top surface of the

valve; and

a U-shaped rod coupled to the valve and configured to
synchronize movement of a bolt and hammer, wherein a
U-section of the U-shaped rod 1s situated adjacent to the
first portion of the air pipe and reduces contact between
the U-shaped rod and the first portion of the air pipe
when the U-shaped rod moves.

11. The paintball marker of claim 10, further comprising a
shoulder stock coupled to a receiver of the paintball marker
and configured to provider pressurized gas.

12. The paintball marker of claim 11, wherein the valve
having a cylindrical body further includes an extended por-

tion which guides movement of the bolt.
13. The paintball marker of claim 12, wherein the second

end of an air pipe 1s connected a gas source inside of the
shoulder stock.

14. The paintball marker of claim 13, wherein a second
portion of the air pipe 1s substantially parallel to the top
surtace of the valve.

15. The paintball marker of claim 10, wherein at least a
portion of U-shaped rod 1s situated in parallel with the top
surface of valve.
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16. The paintball marker of claim 10, wherein the air pipe
and U-shaped rod are made by solid materials.

17. A paintball gun comprising:

a main valve configured to manage pressurized gas for
propelling a paintball;

a {irst end of an air pipe coupled to the top surface of the
main valve for providing pressurized gas and a first
portion of the air pipe adjacent to the first end of the air
pipe 1s situated substantially perpendicular to the top
surface of the valve, wherein a second portion of the air
pipe adjacent to the first portion of the air pipe 1s con-
figured to be substantially parallel to the top surface of
the main valve;

a U-shaped rod coupled to the main valve and configured to
synchronize movement of a bolt and a hammer, wherein
the U-shaped rod 1s situated adjacent to the first portion
of the air pipe and configured in such a way that the
U-shaped rod reduces contact to the first portion of the
air pipe when the U-shaped rod moves between cocking
position and firing position.

18. The paintball marker of claim 17, further comprising a
shoulder stock coupled to a receiver of the paintball marker
and configured to provider pressured gas.

19. The paintball marker of claim 18, wherein the main
valve further includes an extended portion facilitating move-
ment of the bolt.
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